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The  First  Part  of  the  foUoving  Lectures  was  addressed 
to  a  Society*  of  practical  agriculturists,  most  of  whom  pos- 
sessed no  knowledge  whatever  of  scientific  Chemistry  or  Ge- 
ology.   They  commence,  therefore,  with  the  discussion  of 
C  those  elementary  principles  which  are  necessary  to  a  proper 
^^understanding  of  each  branch  of  the  subject.     Every  thing 
i^  in  such  Lectures,  which  is  not — or  may  not  be — easily  un- 
derstood by  those  to  whom  they  are  addressed,  is  worse  than 
<j^  useless.    It  has  been  my  wish,  therefore,  to  employ  no  scien- 
tific terms,  and  to  refer  to  no  philosophical  principles,  which 
f  have  not  previously  explained. 
To  many  who  may  take  up  the  latter  portions  of  the  work, 
^  some  points  may  appear  obscure  or  difficult  to  be  fully  un- 
^  derstood  ;  such  persons  will,  I  hope,  do  me  the  justice  to  be- 
i  gin  at  the  beginning,  and  to  blame  the  Author  only  when  that 
^  which  is  necessary  to  the  understandji^g  of  the  later  is  not 
to  be  found  in  the  earlier  Lectures. 

For  the  sake  of  clearness,  I  have,  in  the  following  pages, 
divided  the  subject  into/avr  Pttrts — the  stady  of  each  pve« 
ceding  Part  preparing  the  way  for  a  complete  understanding 
of  those  which  follow.  Thus,  Part  I.  is  devoted  to  the  or- 
ganic  dementi  and  parts  of  plants,  the  nature  and  sources 
of  these  elements,  and  to  an  explanation  of  the  mode  in  which 
I  they  become  converted  into  the  substance  of  plants ; — Part 
II.,  to  the  inorganic  elements  of  plants,  comprehending  the 
study  of  the  soils  from  which  these  elements  are  derived,  and 
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the  general  relations  of  geolc^  to  agriculture ; — ^Part  m^  to 
the'Tarions  methods,  mechanical  and  chemical,  by  which 
the  soil  may  be  impior«d,  and  especially  to  the  nature  of 
manures^  by  which  soils  are  made  more  productive,  and  the 
amount  of  vegetable  produce  increased  ; — and  Part  IT.,  to 
the  results  of  vegetation^  to  the  kind  and  value  oi  the  food 
produced  under  different  circumstances,  and  its  relation  to 
the  growth  and  feeding  of  cattle,  and  to  the  amount  a)Ml 
quality  of  dairy  produce. 

By  this  method  I  have  endeavoured  to  ascend  from  the 
easy  to  Che  apparently  difficult ;  and  I  trust  that  the  willing 
and  attentive  reader  will  find  no  difficulty  in  keeping  by  toy 
side  during  the  entire  ascent 

The  Author  has  much  pleasure  in  now  presenting  these 
Lectures  to  the  public  in  a  complete  form.  He  has  only  to 
express  a  hope  that  the  delay  which  has  occurred  in  the  pub- 
lication of  the  latter  part  of  the  work  has  enabled  him  to  ren- 
der it  more  useful,  and  therefore  more  worthyw>f  the  public 
approbation. 

XHxrAofTi,  Jime,  1844. 


NoTK.— The  rapid  sale  oTa  large  Impression  having  rendered  a  seconf 
e£tioa  of  the  first  and  second  Parts  necessary  before  the  entire  comply 
tkm  ofthe  work,  snch  ahenttions,  cotrections,  and  addidoos  only  have 
haen  made  as  ooold  be  iacnduoed  without  altering  the  original  paging  of 
ibe  work.  Several  orerughtSy  however,  have  been  coiiectedt  and  sonoa 
I  tvppliedf  which  pmentad  themselves  in  the  earlier  edition. 
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LECTURE  I. 

tepoftKBM  of  ifriddtinp^-Kalatfoa  ofOm  frovffb  of  fisod  lo  thopofialitloii  of OtmI  Britu»— 
Bocont  DTogroM  and  proopecti  ofBogliih  Afrlealliiro— AppUcotioa  of  Chomlcal  and  Ooo- 
logieal  deleQeo  to  tho  an  of  culture— to  the  impmvement  of  toflo—lba  rocalloa  of  eropo^ 
Cbe  apptfoatlon  of  iBaoiin»|*o^OiMiliio  of  the  CSowtm  of  Loctorao— Number  and  natuft 
of  ihe  elementary  bodieo— The  ocgaole  alemoDU  Carbon,  lijdxogen,  Oxygen,  and  Nitro 
gen,  their  propeniea  and  their  relathma  to  Tegetable  life. 

Wbbb  I  about  to  address  yoa  id  a  angle  or  detached  Lecture  only,  I 
should  think  it  my  duty  to  select  sonae  one  branch  of  the  art  of  culture 
for  special  illustration,  and  withoot  much  introductory  matter  to  pro* 
ceed  at  once  to  the  exposition  of  the  principle  or  principles  on  which  it 
depended.  As  the  present,  however,  is  only  the  first  of  a  Series  of  Lec- 
tures I  hope  to  have  the  homyr  of  delivering  to  you,  I  may  be  permitted 
to  introduce  my  subject  with  a  few  prefatory  remarks,  which  will  here 
find  their  appropriate  place.     - 

In  regard  to  the  importance  of  AgricnUnreit  may  appear  superflnona 
in  me  to  address  you.  That  art  on  which  a  thousand  millions  of  men 
are  dependent  for  their  very  sustenance— in  the  prosecution  of  which 
nine-tenths  of  the  fixed  capital  of  all  civilized  nations  is  embarked— and 
probably  two  hundred  millions  of  men  expend  their  daily  toil— that  art 
must  confessedly  be  the  most  important  of  all ;  the  parent  and  precursor 
of  all  other  arts.  In  every  coontrv  then,  and  at  every  period,  the  in- 
vestigatiott  of  the  principles  on  which  tbo  rational  practice  of  this  art  is 
founaed,  ought  to  have  commanded  the  principal  ly^tention  of  the  great- 
est minds.  To  what  other  object  could  they  ha vF  been  more  benefi- 
cially directed  ? 

But  there  are  periods  in  the  history  of  every  country  when  the  study 
of  Agriculture  becomes  more  urgent,  and  in  that  coonti^  acquires  a 
vastly  superior  importance.  When  a  tract  of  land  is  thinly  peopled, 
like  the  newly  settled  districts  of  North  America,  New  Holland,  or 
New  Zealand,  a  very  defective  system  of  culture  will  produce  food 
enough  not  only  for  the  wants  of  the  inhabitantB,  but  for  the  partial  sup- 
ply oi'  other  countries  also.  But  when  the  population  becomes  more 
dense,  the  same  imperfect  or  sluggish  system  will  no  longer  suffice. 
The  land  must  be  better  tilled,  its  special  qualities  and  defects  must  be 
studied,  and  means  must  gradually  be  adopted  for  extracting  the  maxi- 
mum produce  from  every  portioD  susceptible  of  cultivation. 

The  British  islands  are  in  this  latter  condition.  Agriculture  now  is 
of  vastly  more  importance  to  us  aa  a  nation,  than  it  was  towards  the 
close  even  of  the  last  century.  In  1780,  the  island  of  Great  Britain 
contained  about  9  millions  A  inhabitants ;  it  now  contains  nearly  20. 
The  land  has  not  increased  in  quantity,  but  the  consumption  of  food  has 
probably  more  than  doubled.  The  importation  fimn  abroad  has  not  in- 
creased to  any  important  extent;  by  improved  management,  thereforet 
the  same  area  of  land  has  been  caused  to  3rield  a  double  produce. 

But  the  population  will  continue  to  increase ;  can  we  expect  that  the 
food  raised  leoia  the  land  wtU  cmtiDae  to  incwiae  in  tha  same  ratioT 
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This  is  an  important  qaestiooi  to  which  w^'-can  giro  only  an  impeifeei 
and  somewhat  unsatisfactory  answer. 

The  superficial  area  of  Qreat  Britain  comprises  about  57  millions  of 
acres,  of  which  34  millions  are  in  cultivation*  about  13  millions  are  in- 
capable of  culture,  and  the  remaining  10  nuUkuB  are  waste  lands  suscep- 
tible of  improvement.  The  present  population,  therefore,  is  supported 
by  the  produce  of  34  millkms  of  acres,  or  every  34  acres  raises  food  fbr 
aoout  20  people.  Suppose  the  10  millions  of  acres  which  are  suscepti- 
ble of  improvement  to  be  bmught  into  4uch  a  state  of  culture  as  to 
maintain  an  equal  proportion— 4ne  most  favourable  supposition— they 
would  raise  food  for  an  additional  population  of  about  6  millions,  or 
wbuld  keep  Great  Britain  independent  of  any  large  and  eonstant  foreign 
supply  till  the  number  of  its  inhabitants  anooonted  to  26  millions. 
But  at  the  present  rate  of  increase  this  will  take  place  in  about  20 
years,*  so  that  by  1660,  unless  some  general  imp|iovement  take  place 
m  the  agriculture  of  the  country,  the  demands  of  the  population  will 
have  completely  overtaken  the  productive  powers  of  the  land. 

But  though  we  cannot  say  how  far  the  fertility  of  the  soil  may  be  in- 
creased, or  how  long  it  may  be  able  to  keep  a-head  of  the  growing 
nnmbers  of  the  people,  we  have  our  own  past  experience,  the  example 
ofother  countries,  and  the  indications  of  theory,  all  concurring  to  per- 
suade us  that  the  limit  of  its  productive  powers  can  neither  be  predicted 
nor  foreseen. 

If  we  glance  at  the  history  of  British  agriculture  during  the  last  half 
century— from  the  introduction  of  the  green  crop  system  or  the  alternate- 
liusbandry  from  Flanders  into  Norfolk,  up  to  the  present  time— we  find 
the  resulu  of  each  successive  improvement  more'  remarkable  than  tha 
former.  The  use  of  lime,  a  more  general  drainage  of  the  soil,  the  in* 
vention  of  improved  ploughs  and  other  agricultural  implements,  as  well 
as  the  introduction  of  better  and  more  economical  modes  of  using  them, 
the  application  of  bone  manure,  and  more  recently  of  thorough  draining 
and  subsoil  ploughing,  have  all  tended  not  only  to  the  raising  of  cmpa 
at  a  less  cost,  but  in  far  areater  abundance,  and  on  spots  which  our 
forefathers  considered  wholly  unfit  for  the  growth  of  core. 

The  result  of  each  new  improvement,  I  have  said,  has  seemed  mora 
astonbhing  than  the  former.  For  after  a  waste  piece  of  land  has  been 
brought  into  an  average  state  of  productiveness,  we  aro  not  prepared  foi 
any  great  improvement  upon  it  by  new  labours;  nor  cookl  we  readily 
believe  that,  half  a  century  after  such  land  had  been  in  culture,  its  pRK 
duce  or  its  value  should  at  once  be  doubled^  by  a  better  draining,  a 
deeper  ploughing,  or  by  sprinkling  oo  its  surface  a  small  quantity  of  a 
saline  substance  imported  from  a  xxeign  country. 

Yet  the  example  of  the  Chinese  shows  us  that  the  productive  powers 
of  the  soil  are  not  to  be  easily  estimated.  Nothing  repays  the  labours 
of  the  husbandman  more  fuUytfaan  the  willing  soil— nothing  is  moro 
grateful  for  his  attention,  or  oners  surer  rewards  to  patient  industry,  or 
to  renewed  attempts  at  improvement. 

In  China  we  see  a  people  whom  we  call  semi-barbarians,  multiply- 
ing within  their  own  limits  till  their  numbers  are  almost  incredibles 
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pnetinog  -(hnii  tho  most  rdiaota  age«,  and  in  the  mait  tkilful  manner, 
variooe  arts  which  the  progresB  of  modern  science  has  but  recently  in- 
troduced into  civilized  Europe  *,  culriTating  their  soil  with  the  most  assid- 
voos  labour,  and  stimulating  its  fertility  by  means  which  we  have  hith- 
erto negtected,  despised,  or  been  wholly  ignorant  o^but  which  the  dis- 
coveries of  the  present  time  are  pointing  out  as  best  fitted  to  secure  the 
amplest  harvests— and  have  thus  been  enabled  to  compel  their  limited 
soil  to  yield  a  sufficient  sustenance  to  its  almost  unlinuted  population.* 

Experience  and  example,  therefore,  encourage  us  to  look  forward  to 
still  further  improvements  in  the  art  of  culture,  jand,  independent  of  such 
as  may  be  derived  from  purely  mechanical  principles,  theoretical 
enemistry  seems  to  point  out  the  direction  in  which  important  advances 
of  another  kind  may  reasonably  be  anticipated.  The  Chinese  are  said 
to  be  not  only  familiar  with  the  relative  value  and  efficiency  of  the  va- 
rious manures,  but  also  to  understand  how  to  prepare  and  apply  without 
loss  that  which  is  best  fitted  to  stimulate  and  support  each  kindf  of  plant. 
How  far  this  statement  is  exaggerated  we  are  unable  at  present  to  de- 
termine, but  it  is  in  this  direction  that  chemistry  appears  likely  to  pro- 
mote the  advance  of  European  agriculture.  The  practical  fiirmer  al- 
ready rejoices  in  having  in  one  ton  of  bone  dnst  the  eouivalent  of  14 
tons  of  farm-yard  manure;  some  of  the  most  skilful  hving  chemists 
predict  that  methods  will  hereafter  be  discovered  for  compressing  into  a 
•till  less  bulky  form  the  substances  required  by.  plants,  and  that  we 
shall  live  to  see  extensive  manufactories  established  for  the  preparation 
of  these  condensed  maoures.f 

'  Ac  iatelligtDt  eonrespondant  reminds  me  tbat  the  egricaltural  skin  of  the  Chinese  Is 
questioned  by  recent  writers  on  the  customs  ofthst  country.  This  doubt  is  founded  chiedjr 
oo  the  rudeness  of  ibeirsfrleaUarsI  Implements  end  the  seareiiy  of  cattle,  whether  horses 
•r  cows,  amoof  them.  But  in  this  densely  peopled  counlnr  the  hoe  ihey  employ  serves 
the  purpose  of  every  other  implement  (/aivm's  China,  ii.  282),  and  where  the  place  of  eafr> 
tie  Is  supplied  by  an  equivalent  number  of  men,  there  can  be  no  comparative  want  of 
valuable  manure.  The  population  of  China,  however,  is  pit>bat»ly  nocso  dense  la  all  the 
provinces  as  It  has  hitherto  been  supposed.  Many  wriiers  have  estimated  the  entire 
population  at  900  mlUlons,  while  recent  statlsu  reduce  it  to  175  millions.  Takinc  even  the 
BiKher  estimate,  the  population  Is  not  more  dense  then  In  Enfland  and  Hollan^the  sres 
ofChina  proper  being  1,200^  square  miles,  or  eifht  Umes  that  of  France.  It  is  oonsidsn^ 
t»ly  less  dense^  Indeed.  If  we  take  Into  account  the  number  of  horses  and  cattle  which  la 
Europe  are  reared  and  fed  on  the  produce  of  the  land.    We  may  hereafter  expect  more  ac- 

eocate  InformaUon,  however,  cspedaUy  regarding  the  Interior  of  this  lnt«resung  country 

Ste  Appendix  A. 

t  Should  the  opinions  shove  expressed  appear  too  sanguine  to  some,  or  be  treated  by  any 
of  my  reailers  as  merely  theoretieal,  I  would  refer  them  to  the  words  of  Mr.  Smiih  of  Dean- 
stoD.  the  Inventor  of  tue  subsoil  plouch,  and  the  introducer  of  the  greatest  pmcfical  Un* 
provement  in  modem  sgricoUljre.  After  statloit  that  al  leaH  tkreefmrthM  of  the  tekole  arm' 
Me  land  in  the  etuntry  ia  under  very  indijfkrmt  culture,  chiellv  from  the  want  of  complete 
draining  and  deep  working,  and,  adverting  to  the  Increasen  produce  it  may  l>e  maoe  to 
yield,  he  says,  >*  it  Is  not  at  all  bnprobable  that  Britain  may  become  an  exporting  country  la 
grain  in  the  course  of  the  next  twenty  years."— JZemorAs  on  Thorough  J/raimng  and  Deep 
Ploughing,  by  Jamee  SnUlhj  Eeq..  of  DeamUrn  Worke,  p.  2i.  Were  the  population  to 
remain  etationary,  Mr.  Smith  may  be  right ;  at  all  events,  this  opinion  shows  iliat  evea 
practical  men  do  not  despsir  of  attaining  to  a  pitch  of  improvenlettt  In  agriculture  which 
Ifaeorelical  wriiers  dare  not  venture  to  preilicL 

But  among  all  persons  of  enlsrged  information  a  stmllar  opinion  prevails.  Thus  ths 
eloquent  author  oia  recent  work  on  the  principles  of  population  ssys,  **  the  single  aUeratloa 
of  substituting  the  kiichen-sarden  husbandry  of  Flandera  in  our  plains,  and  the  terraced 
eoliure  of  Tuscany  In  our  hula,  for  the  present  system  of  sgricuUural  management,  would 
at  once  double  the  produce  of  the  Britlah  Islands,  and  procure  ample  subaisience  for  twice 
the  number  of  Its  present  lQha!tiHMntM.**—AHmm*»PnneMeeofPapidation,  1.  p.  216.  Thess 
liopes  are  not  to  be  rejected  or  suppressed ;  for,  thoogo  they  may  never  be  fully  realised, 
9eC  they  are,  as  It  were,  the  seeds  of  exertion,  from  which  ample  harreata  of  good  BUJ 
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Thus  much  roav  be  nid  in  regard  to  the  fu'tun  hopes  and  fNCoepecto 

ofscieotific  agriculture.*  But  how  few  practical  men  are  acqixainted 
with  what  is  already  known  of  the  principles  of  the  iraportant  art  by 
which  ihey  live !  Trained  up  in  ancient  naethoda— attached  generally 
to  conservative  principles  in  every  shape-^the  practical  agriculturistSi 
as  a  body,  have  always  been  more  opposed  to  change  than  any  other 
large  class  of  the  comm unity.  They  have  been  slow  to  believe  in  the 
superiority  of  an^  methods  of  culture  which  differed  from  their  own* 
from  those  of  theu:  fathers,  or  of  the  district  in  which  they  live— and, 
even' when  the  superiority  could  no  longer  be  denied,  they  have  been 
almost  as  slow  to  adopt  them. 

But  the  awakening  spirit  of  the  time  is  making  itself  felt  in  the  re- 
motest agriculturaf  districts ;  old  prejudices  are  dying^out,  and  the  cul- 
tivators of  this  most  ancient,  most  important,  and  noblest  of  all  the  artSt 
are  becoming  generally  amdous  for  information,  and  eager  for  improve- 
ment.f 

Two  circumstances  have  contributed  to  retard  the  approach  of  thia 
better  state  of  things. 

In  the  first  place,  the  agricultural  interest  in  England  has  hitherto 
expended  its  main  strength  in  attempting  to  secure  or  maintain  impor- 
tant political  advantages  in  the  state.  The  encouragement  of  experi- 
mental agriculture  has  been  in  general  neglected,  while  the  diffifsioa 
of  practical  knowledge  has  been  either  wholly  overlooked  or  considered 
subordinate  to  other  objects.  No  national  eitbrts  have  been  made  for 
the  general  improvement  of  the  methods  of  culture.  While  for  the 
other  important  classes  of  the  community  special  schools  have  been  es- 
tablished, in  which  the  elements  of  all  the  branches  of  knowledge  most 
necessary  for  each  class  have  been  more  or  less  completely  taught,  and 
a  more  enlightened,  because  better  instructed,  race  of  men  gradually 
trained  up,  no  such  schools  have  been  instituted  for  the  benefit  of  the 
agriculturist.  In  our  Universities,  in  which  the  holders  of  land,  those 
most  interested  in  its  improvement,  are  nearly  all  educated,  a  lesson 
upon  agriculture,  the  right  ami  of  the  State,  has  hitherto  scarcely  ever 
been  given  4    With  the  practice  of  the  art,  the  theory  has  also  been 

ThOM  who  have  aeeeM  to  the  Jonrnal  of  the  Royal  English  AfricuUaral  Soirietr  will 
find  in  the  Arnt  number  a  Mter  by  Mc  Pusey.  **On  ihe  preeent  state  of  the  acleoce  or  Agri* 
calmre  in  Eauiaod,"  in  wnich  much  viiluable  information  is  contained,  and  of  a  more  pnic* 
tic«l  kind  than  I  have  been  able  to  ioln>ducc.  This  paper  ought  to  be  printed  in  a  iteparate 
form,  and  circulated  widely  among  chose  who  are  not  members  of  the  Royal  English  Agri- 
CttUural  Society. 

t  This  opinion  has  been  coolhtned  by  the  nnmervras  eommonieadons  I  have  received 
from  all  pans  of  the  coaniry  since  the  pnbllcaUon  of  the«e  Lectures  was  annonnced.  and  in 
which  I  am  assured  that  the  want  nf  Icnowledge  ia  generally  felt,  and  a  supply  in  a  suificient- 
ly  elementary  form  (iesired.  by  all  classes  of  axriculturisie.  1  conclude,  therefore,  that  I.le> 
big  means  the  following  sentence  to  apply  to  his  German  countrymen :  "What  ran  be.  px- 
pected  fnim  ihe  present  (generation  of )  farmera,  which  recolU  with  seeming  dist runt  and 
aversion  from  all  the  means  of  assistance  offered  it  by  chcmi>;try,  and  which  does  not  un* 
derstand  the  «n  of  making  a  rational  application  of  chemical  divcoveries."  .  I  do  not  think 
chemists  ought  in  fairness  to  Mame  the  practical  agriculturiels  for  not  understanding  the 
art  of  applying  chemical  discoreries  lo  the  Imnrovement  of  the  culture  of  the  land.  They 
must  first  know  what  the  disroreries  are ;  and  the  error  has  htthexto  been,  that  no  steps 
have  been  taken  to  diffUse  this  preliminary  knowledge. 

I  However  sallsfiwl  young  men  may  be  lo  avoid  the  labor  of  additional  etudy  while  at 
College,  how  many  in  aflerliie regret  that  their  early  attention  had  not  been  directed  io 
somn  of  ihone  branches  of  knowledge  which  are  applicable  to  common  life.  Thus  the  lata 
Lord  Oadley,  iii  his  leuen  to  the  Bishop  of  LlandaO;  iavariably  laments,  "as  misukaaia 
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aegleded.  Soimitific  men  hare  had  no  indooement  to  de^roto  thefr 
tiine  and  talents  to  a  auliiect  which  held  out  no  promiM  of  reward, 
either  in  the,  shape  of  actaai  emolument  or  of  honorary  distinction. 
And  thus  has  arisen  the  second  of  those  circumstances,  by  which  I  con* 
sider  the  approach  of  a  better  state  of  things  to  have  been  retarded* 
namely,  the  want  of  an  AgricuUtaral  Literaiure. 

With  the  exception  of  a  small  number  of  periodical  publications, 
none  of  these  even  too  well  sopportedt  by  which  attempts  have  been 
zealously  made  to  difiuse  important  information  among  the  practical 
farmers— it  cannot  be  dented  that  the  press  has  not  been  encouraged  to 
do  its  utmost  on  behalf  of  agricultural  knowledge  in  general— while  the 
single  work  of  Sir  Humphry  Davy  is  nearly  all  that  chemical  science 
has,  in  this  country,  been  induced  to  contribnte  to  the  advancement  of 
agricultural  theory  during  the  last  forty  years.* 

Many  of  you  have  pmbably  read  this  work  of  Sir  Humphry  Da^'y, 
and  are  prepared  to  acknowledge  its  value.  Yet  how  many  things 
does  he  pioss  over  entirely,  haw  many  things  leave  unexplained !  Since 
his  time,  not  only  have  numerous  practical  observations  and  discoveries 
been  made,  but  the  entire  science  of  animal  and  vegetable  chemistry 
has  been  regenerated.  We  are  not,  therefore,  to  expect  in  his  work  a 
view  of  the  present  state,  either  of  our  theoretical  knowledge,  or  of  our 
practicsl  agriculture.  It  belongs  rather  to  the  history  of  t  lie  progress  of 
knowledge,  than  to  the  condition  of  existing  information.  Hence  the 
merits  of  the  affricultural  chemistry  of  Davy  are  not  to  be  tried  by  its 
accordance  with  actual  knowledge,  but  with  what  was  known  in  1612, 
when  its  distinguished  author  read  his  course  of  lectures  for  the  last 
time  before  the  Board  of  Agriculture. 

We  may  with  certainty  predict,  however,  that  neither  the  practice 
nor  the  theory  of  agricuhure  will  be  permitted  to  experience  in  future 
that  want  of  general  encouragement  under  which  during  the  last  half 

hit  Mriy  life,  Itis  onarquaintance  with  the  rodlmenta  of  acrlcuUare— his  isnoraDce  of  hots. 
Vf  and  fe<ilflfy."'-(a«e  ftlao  a  note  to  the  Review  of  these  Lettera  in  ihe  Quaiterty  Review 
for  December,  1840.) 

For  thia  aute  ofttilnga  we  shall  aoon  have  al  least  a  partial  remedjr.  It  Is  a  remarfcabls 
fret  that  nearly  all  the  new  edacatioDal  InsHtntlnns  of  Ihe  higher  class,  on  the  Continent  of 
Sorope,  of  which  so  many  have  t>een  foanded  within  Ihe  present  reniury,  and  all  ihoae 
which  have  been  established  In  Ameri-a,  I  believe,  without  ezceptiou,  have  iocoqwraied 
Into  their  cmirse  of  general  stody  one  or  more  of  the  newer  sciences.  Can  we  have  a  mors 
cooaeniaopoas  and  univeisal  tesbaBonj  to  tlieir  value  and  importance  than  this  t  Tlie  Uot* 
venity  oflxindon  has  been  induced,  by  the  some  public  demand  for  this  species  of  Instroe- 
tion.  to  inclnde  Chemfstry  and  Botany  In  Ita  coarse  of  arts;  and  circumstances  only  have 
•auaeri  Oeolncy  to  be  omitied  foraiime.  Us  Bumeroiis  affiliated  inaiituiiona  have  followed 
its  stepi;  and  hence  the  Catholic  College  of  8L  Cuihbert,  al  Ushaw,  has  In  this  respect  an- 
tleipsted  lis  Protestant  neighbor  at  Durham. 

But  should  the  agrleultuitd  iMereat  rest  satisfied  wRh  this  IntitNfiictlon  of  one  or  two 
tenches,  suppose  il  geneffdly  dona,  into  the  University  course  of  study  7  Many  are  of 
opiobn  that  it  ought  not,  and  that  the  general  Interests  of  practical  acriculinre  would  b« 
■wiifeaily  promoted,  among  other  nkeana,  by  the  eatabllshmenl  of  a«rTcuUuraI  colleges,  la 
which  all  the  branches  necessary  to  be  km>wn  by  enlightened  agficniturists  of  every  claas 
>bould  ^  apecially  and  dlatinctly  taught  Whether  auch  Oolleces  minht  be  benefidallr 
■ooexed  to  the  existing  Universities,  Is  a  queatlon  deserving  of  aerfous  considerstlon. 

*  The  latest  edition  of  Lord  Dundonald's  *  Treatise  on  the  intimate  connection  betweea 
Chemistry  and  Asrioulture."  which  r 


wee  the  above  went  to  presa.  Three  Lectures  on  Agriculture  have_  appeared  (jhos 
V«  of  Dr.  Baobsaj.efteford,  wiMM  aim  wffl  aeeim  them  SB  uateBdea  elimlMloii. 
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eeotury  they  have  in  £ii|^AimI  been  peimittfld  to  langoith.  The  public 
mind  has  been  awakened,  and  the  esiablishment  of  Agrieuhnral  Aesoei** 
ations,  provincial  and  local*  are  manilestatknie  of  the  imere«t  now  felt 
upon  the  subject  in  all  parte  of  the  country.  It  requires  only  the  general 
fizhibiiion  of  euch  an  mterest,  and  the  adoption  of  some  general  means  of 
encouragement,  to  stimulate  both  practical  ingenuity  and  scientific  zeal 
to  expend  themselves  on  this  most  valuable  branch  of  national  industry. 

Science  is  never  unwilling  to  lend  her  hand  to  the  practical  arts ;  on 
the  contrazy,  she  is  ever  Ibiward  to  proffer  her  assistance,  and  it  is  not 
till  her  advances  have  been  rejected  or  frequently  repulsed,  that  she  re- 
firains  from  aiding  in  their  advancement. 

Need  I  advert,  in  proof  of  this,  to  the  unwearied  labonrs  of  the  vege- 
table physiologists— or  to  the  man^f  valuable  observations  and  experi- 
ments recorded  in  the  memoirs  of  scientific  chemists.  In  these  memoirs, 
or  in  professedly  scientific  works,  such  observations  have  not  onfre- 
quently  been  permitted  to  rest;-*-the  public  mind  being  unprepared 
either  to  appreciate  their  value  or  to  encourage  the  exertions  of  those  wiM> 
were  willing  to  give  them  a  practical  and  popular  form. 

And  how  numerous  are  the  branches  of  science  connected  with  this 
art  7  Need  I  speak  of  botany,  which  is,  as  it  were,  the  foundation  on 
which  the  first  elements  of  agriculture  rest ;  or  of  vegetable  physiology, 
to  the  indications  of  which  it  has  hitherto  almoet  exclusively  looked  for 
improvement  and  increased  success;  or  of  zoology,  which  alone  can 
throw  ligbt  on  the  natura  of  the  numerous  insects  that  prey  upon  your 
crops,jEind  so  often  ruin  your  hopes,— and  which  can  alone  be  reason- 
ably expected  to  arm  you  against  their  ravages,  and  instruct  vou  to  ex- 
tirpate them  ?  Meteorok>gy  among  her  other  labours  tabulates  the  highest, 
the  mean,  and  the  lowest,  temperatures,  as  well  as  the  quantity  of  rain 
which  falls  during  each  day  and  each  month  of  the  year.  Do  you 
doubt  the  importance  of  such  knowledge  to  the  proper  cultivation  of  the 
land  ?  Consider  the  destructive  efiects  of  a  late  froet  in  spring,  or  of  a 
continued  heat  in  summer,  and  your  doubts  will  be  shaken.  A  wet  sea- 
son in  our  climate  brings  with  it  many  evils  to  the  practical  agriculturist ; 
but  what  efiect  must  the  rain  have  on  the  soil,  in  countries  where  nearly 
as  much  falls  in  a  month,  as  in  England  during  the  course  of  a  whole 
year  ;**-where  every  thing  soluble  is  speedily  washed  from  the  land,  and 
nothing  seems  to  be  left  but  a  mixture  of  sand  and  gravel  ?  It  may 
indeed  be  said  with  truth,  that  no  department  of  natural  science  is  inca- 
pable of  yielding  instruction'— that  scarcely  any  knowledge  is  superflu- 
ous—to the  tiller  of  the  soil. 

It  is  thus  that  all  branches  of  human  knowledge  are  bound  together, 
and  all  the  arts  of  life,  and  all  the  cultivators  of  them,  mutually  de- 
pendent. And  it  is  by  lending  each  a  helping  hand  to  the  others,  thai 
the  success  of  all  is  to  be  secured  and  accelerated ;  while  with  the  gene- 
ral progress  of  the  whole  the  advance  of  each  individual  is  made  sura. 

The  recent  contributions  and  suggestions  of  geology  are  the  best  proof 

of  the  readiness  of  the  sciences  of  observation  to  give  their  aid  to  the 

promotion  especially  of  agricultural  knowledge.     The  geologist  can 

.  best  explain  the  immediate  ongin  of  your  several  soils,  the  cause  of  tba 

*  AtOtaloo,tellisa)nittborilqr«tlMMtsCitaBls«il«issaMliss» 
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divefsities  whieb  even  in  die  nme  farm,  it  may  be  in  die  tame  field, 
diey  HOC  UDfreqaently  exhibit  ;*  the  nature  and  dtfierencee  among  your 
subsoils,  and  the  advantages  you  may  expect  from  breaking  them  up  or 
bringing  them  to  the  surface. 

Geology  is  essentially  a  popular  science,  .and  the  talents  of  its  emi- 
nent English  cultivators  are  admirably  fitted  to  make  it  still  more  so. 
Hence,  a  certain  amount  of  knowledge  of  this  science  has  been  of  late 
years  very  generally  diffused,  and  its  relations  to  agriculture  are  be- 
coming every  day  better  understood.  The  Highland  Society  of  Scot- 
land, amon^  its  many  other  useful  exertions,  has  done  very  mach  to 
connect  agncuUure  and  geology  with  the  sphere  of  its  own  labours, 
while  the  Journal  of  the  Koyal  Affricultural  Society  of  England  mani- 
fests a  similar  desire  on  the  part  of  that  numerous  and  talented  body,  to 
illustrate  the  connection  of  agriculture  with  geology  and  chemistry,  in 
the  southern  division  ef  the  island.  That  Dr.  Buckland,  Mr.  Murchi- 
son,  and  Mr.  De  la  Beche  have  each  engaged  to  make  a  gratuitous  sur- 
vey of  the  subsoils  in  several  extensive  agricultural  distncts,  at  the  re- 
quest of  the  Council  of  this  Society, f  shows  that,  where  their  services  are 
estimated,  our  most  eminent  scientific  men  will  not  hesitate  to  devote  them 
to  the  development  of  the  most  important  branches  of  national  industry. 

The  time,  therefore,  is  peculiarly  favourable  for  the  increase  and  diffu- 
sion of  agricultural  knowledge.  The  growth  of  our  population  re- 
quires it^pracdcal  men  are  anxious  to  receive  instruction— scientific 
men  are  eager  to  impart  what  they  know,  and  to  make  new  researches 
lor  the  purpose  of  clearing  up  what  is  unknown-- are  we  not  jasdfied, 
therefore,  in  anticipating  hereafter  a  constant  and  general  diffusion  of 
light,  a  steady  progress  of  agricultural  improvement  ? 

Having  thus  glanced  at  the  state  and  prospects  of  scientific  agricul- 
ture in  general,  and  especially  of  the  art  of  culture  in  England,  permit 
me  to  advert  to 'a  few  of  those  questions  of  daily  occurrence  among  you, 
to  which  chemistry  alone  can  give  a  satisfat^torv  answer.  I  shall  not  in 
this  place  allude  to  the  subject  of  manures^-which  form  alone  an  entire 
chapter  of  most  recondite  chemistry,  and  which  I  shall  take  up  in  its 
proper  place,  but  I  shall  select  a  few  isolated  topics,  the  bearing  of 
chemicsd  knowledge  upon  which  is  sufficiently  striking. 

Some  soils  are  naturally  barren,  but  how  few  of  our  agriculturists  are 
able,  in  regard  to  such  soils  generally,  to  say  why ;  how  few  who  pos- 
sess the  knowledge  requisite  for  discovering  the  cause !  Of  these  bar- 
ten  lands  some  may  be  improved  so  as  amply  to  repay  the  outlay ;  some, 
from  their  locality  or  from  other  causes,  are  in  the  present  state  of  our 
knowledge  irreclaimable.  How  important  to  be  able  to  distinguish  be- 
tween these  two  cases ! 

*  I  cannot  refiw  to  »  plainer,  more  elmpio,  or  more  beenttftjl  ffloetntion  of  this  fact  then 
fhaC  which  is  preeenCed  In  a  short  paper  by  Sir  John  Johnstone,  Bart.,  inserted  In  the  Jour* 
jHl  of  the  BngUah  Afrieultona  Bodety,  L  a  STl,  enCiUed  •«  On  the  AppUcatlon  of  Geolonr  to 
Agricalture."  See  also  an  able  paper  by  tne  Rer.  Mr.  Ttiorpe,  of  which  a  Taluahle  report  is 
eoatahied  in  the  I>oncasier  Ctoonlcle  or  December  IMh,  and  which  will  be  pobllshed  In  (he 
fraeeedlc^of  Ute  Geoloftoal  and  Folyleehqic  Society  of  the  West  Riding  of  Torkshlrs. 

t  Journal  of  the  Royal  AfrtemcondfloeleCr,  Report  of  UwirOoancil,  t  p.  188. 

—   ^  ...^  .^ , ... . J . .^_,^  jj|.  jiy^jj  Kureye,  It  Is  only  necessary  to 

I  «Ctoologieal  Report  on  Comffall  and  do- 
I  of  the  Boonomio  Oeolofy  of 
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To  form  a  Just  idea  of  the  value  and  Importance 

lead  chap,  xv.,  pp.  MB  fo  480.  of  Mr.  De  la  Roche's  < 

son,"  or  Pmreseor  BUobeock's  *(Rspoit  on  n  ro'tt 
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Some  apparently  good  soils  are  yet  barren  in  a  higli  degree.  In  en- 
deavouring to  improve  such  soils,  practical  men  have  no  general  rule— 
they  can  have  none.  They  work  in  the  dark — like  a  man  who  makes 
experiments  in  a  laboratory,  without  a  teacher  or  without  a  book,  till, 
after  many  blunders  and  much  expense,  he  discovers  some  fact,  to  him- 
self new,  but  to  others  long  known,  and  forming  only  one  of  many  aua< 
logous  facts,  flowing  from  a  common,  and  probably  well  understood, 
principle.  .  .        ^ 

**  The  application  of  chemical  tests  to  such  a  soil,"  says  Sir  Humphry 
Davy,  **  is  obvious.  It  must  contain  some  noxious  principle,  [or  be  de- 
ficient in  some  necessary  element.— J*]  which  may  be  easily  discovered 
and  probably  easily  destroyed.  Are  any  of  the  salts  of  iron  present, 
they  may  be  decom|X)sed  by  lime.  Is  there  an  excess  of  siliceous  sand, 
the  system  of  improvement  must  depend  on  the  application  of  clay  and 
calcareous  matters.  Is  there  a  defect  of  calcareous  matter,  the  remedy 
is  obvious.  Is  an  excess  of  vegetable  matter  indicated,  it  may  be  re- 
moved by  liming,  paring,^and  burning.  Is  there  a  deficiency  of  vege- 
table matter,  it  is  to  be  supplied  by  manure." — [Agricultural  Chemistry, 
Lferture  1.] 

What  was  true  in  regard  to  the  applications  of  chemistry  in  the  time 
of  Sir  Humphry  Davy  is  more  true  in  a  high  degree  oC  the  chemistry 
of  our  lime.  Not  only  is  the  nature  of  soils  better  undersKxxi,  but  we 
know  in  many  cases  what  a  soil  must  contain  before  it  will  produce  a 
given  crop.  Why  do  pine  forests,  settle  themselves  on  the  naked  and 
apparently  barren  rocks  of  Scotland  and  of  Northern  Europe,  content  if 
their  young  roots  can  find  but  a  crevice  in  the  mountain  tosheher  ihem  ? 
Wliy  does  the  beech  luxuriate  in  the  alluvial  soils  of  Southern  Sweden, ' 
of  Zealand,  and  Continental  Denmark  ?  Why  does  the  birch  spring 
up  from  the  ashes  of  the  pine  forest— why  the  rapid  rush  of  delicate 
crass  from  the  burned  prairies  of  India  and  of  Northern  America  ? 
whence  comes  the  thick  and  lender  sward  of  the  mountain  limestone 
districts-^ whence  the  gigantic  wheat  stalk  of  a  virgin  soil  ?  Why  do 
the  same  forest  trees  propagate  themselves  (or  ages  on  the  same  spoid 
without  impoverishing  the  soil— why  do  the  natural  grasses,  the  longer 
they  are  undisturbed,  render  the  land  only  the  more-fertile  ? 

These,  one  would  think,  are  scarcely  chemical  questions,  and  yet  to 
all  of  them,  and  to  a  thousand  such,  chemistry  alone  can  and  will  give 
a  satisfactory  answer. 

The  rotation  of  crops  is  a  practical  rule,  the  benefit  of  which  has^ 
been  proved  by  experience ;  it  becomes  a  true  philosophical  principle* 
of  action,  when  we  discover  the  causes  from  which  this  benefit  springs. 
Botany  has  thrown  considerable  light,  and  of  an  interesting  and  impor- 
tant kmd,  upon  this  practice,  but  chemistry  has  fully  cleared  it  up  and 
established  the  principle. 

Sir  Humphry  Davy  speaks  of  the  asc  of  lime.  Can  you  explain  lh« 
mysterious,  and  apparently  fickle  and  diversified,  agency  of  this  sub 
stance  in  reference  to  vegetation?  Are  the  advantages  so  frequently 
attendant  upon  its  use  to  be  ascribed  to  the  chemical  character  of  the  « 
soil  to  which  it  is  applied,  to  the  kind  and  quantity  of  the  vegetable 
matter  it  oootaios,  or  to  the  geologicel  nature  of  the  locks  on  wbicn  it 
rests?    Are  they  dependent  upon  the  drainage  and  exposure  of  the 
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land— on  the  kind  of  crop  to  be  rai8ed--oii  tbe  general  climate  of  the 
district— on  the  maxima  and  minima  of  temperature— or  on  the  quanti- 
ty of  rain  which  falls  f 

So  with  gypsum.  Why  are  its  effects  lauded  in  one  district,  doubted 
in  another,  uid  decried  in  a  third !  Are  no  rules  or  principles  to  bo 
discovered,  by  which  these  diversified  effects  are  to  be  explained,  and 
the  true  puqxMe  and  fit  use  of  these  and  other  mineral  substances  clears 
ly  pointed  out?  Such  principles  are  vet  to  be  sought  for;  but  if 
sought  by  the  way  of  well  devised  ana  accurately  conducted  experi- 
ment, they  are  sure  to  be  discovered. 

The  land  is  exhausted  by  frequent  cropping.  What  language  more 
familiar,  what  statement  more  true  than  this?  Yet  bow  few  under- 
stand what  exhaustion  implies;  how  few  can  explain  eh  her  how  it 
takes  place,  by  what  means  it  can  be  remedied,  or  how, -if  left  to  her- 
^  self,  nature  at  length  does  apply  a  remedy ! 

Have  you  any  doubt  in  regard  to  the  prevailing  ignorance  on  this 
subject  ?  To  be  satisfied,  you  have  only  to  look  with  an  experienced 
eye  on  the  agricultural  practice  of  the  county  of  Durham.  Are  there 
not  thousands  of  acres  in  the  centre  of  this  couoty  which  exhibit  a  de- 
gree of  unproductiveness  not  natural  to  the  soil ;— which  have  been 
overcropped,  and  worn  out,  and  impoverished  ?  A  soil  comparatfve- 
ly  fertile  by  nature  has  been  rendered  unfertile  by  art.  That  which 
was  naturally  good  has  been  rendered  as  unproductive  and  unprofitable 
as  that  whicb  was  naturally  bad.  Has  this  state  of  things  arisen  from 
ignorance,  from  design,  or  from  necessity  1  By  whichever  of  these  it 
has  been  immediately  caused,  it  is  clear  that  the  requisite  degree  of 
knowledge  on  the  part  of  the  owners  of  the  soil  would  have  retarded  if 
not  wholly  prevented  it. 

The  same  knowledge  will  enable  them  to  reclaim  these  lands  again, 
and  gradually  restore  them  to  a  more  fertile  condition ;  for  the  changes 
which  the  soil  undergoes  in  such  circumstances  are  all  chemical 
changes,— either  in  the  relative  quantities  of  the  substances  h  contains, 
or  in  the  stale  of  combination  in  which  they  exist. 

The  art  of  culture  indeed  is  almost  entirely  a  chemical  art,  since 
nearly  all  its  processes  are  to  be  explained  only  on  chemical  principles. 
If  you  add  lime  or  gypsum  to  your  land,  you  introduce  new  chemical 
agents.  If  you  irrigate  your  meadows,  you  musr  demand  a  reason 
from  the  chemist  for  the  abundant  growth  of  grass  which  follows.  Do 
you  find  animal  manure  powerful  in  its  action,  is  the  effect  of  some 
permanent,  while  that  of  others  is  speedily  exhausted  ?— does  a  mixture 
of  animal  and  vegetable  manure  prepare  the  land  best  for  certain  kinds 
of  grain?— do  you  employ  common  salt,  or  gypsurii,  or  saltpetre,  or  ni- 
trate of  soda,  with  advantage  T— in  all  these  cases  you  observe  chemical 
results  which  you  would  be  able  to  control  and  nriodify  did  you  poesess 
the  requisite  chemical  knowledge. 

It  is  not  wonderful  that  even  theoretical  agriculturists  should  be  far 
behind  in  the  knowledge  of  those  principles  on  which  their  most  impor- 
tant operations  depend.  The  greatest  Tight  has  been  thrown  upon  the 
art  of  culture  by  the  researches  of  organic  chemistry,  a  branch  which 
may  be  aaid  to  have  started,  if  not  into  existence,  at  least  into  a  new 
tt,  whf^  th«  last  t^o  yeti*.    Every  day  too  it  adding  tn  the  nmiibsc 
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and  value  of  its  discoveries,  and  the  agrioalturist  may  well  be  pardoned 
ibr  not  keeping  pace  with  the  advances  of  a  department  cf  science* 
which  even  the  professed  and  devoted  chemist  can  scarcely  overtake. 

I  might  advert  also  to  the  mechanical  operations  of  ploughing,  wheth- 
er common  or  subsoil,  of  fallowing,  draining,  weeding,  and  many 
others,  as  being  only  so  many  methods  by  which  chemical  action  is  in- 
duced or  facilitated  ;-^o  the  growth  of  plants,  and  even  to  such  ob- 
served differences  as  that  of  the  relative  quantity  of  leaves  and  tubers  in 
the  potatoe,  and  of  grain  and  straw  in  our  corn-fields,  as  interesting 
cases  on  which  scientific  chemistry  throws  a  flood  of  light.  I  might 
shew  how  the  feeding  of  your  cattle  and  the  raising  and  management 
of  dairy  produce  are  not  lleyond  the  province  of  chembtry,  but  that  tha 
only  approach  to  scientific  principle  yet  made,  even  in  these  branchea 
of  husbandry,  is  derived  from  the  results  of  chemical  research. 

But  I  do  not  dwell  on  any  of  these  points :  they  will  all  hereafter 
come  under  our  review  in  their  appropriate  order,  and  will  afibrd  me  an 
opportunity  of  laying  before  you  many  important  facts,  as  well  as,  I 
hope,  valuable  practical  deductions  and  observations. 

While,  however,  I  feel  justified  in  saying  thus  much  of  the  light 
which  existing  chemical  knowledge  throws  on  the  natural  processes  of 
vegetation,  and  on  the  artificial  methods  of  practical,  agriculture,  I 
would  not  lead  you  to  suppose  that  our  knowledge  i.s  by  any  means 
complete,  that  there  are  not  many  points  over  which  much  darkness 
still  rests — ^that  some  of  the  theoretical  views  now  entertained  are  not 
crude,  adopted  too  hastily,  and  generalized  too  rapidly.  But.  a  similar 
confession  may  be  made  in  reference  to  all  the  modern  sciences  of  ob- 
servation without  diminishing  their  importance  or  detracting  from  the 
value  of  the  facts  they  embray.  Human  science  is  progressive  in  all 
its  branches,  and  to  refuse  to  follow  the  indications  of  existing  know- 
ledge because  it  is  to  some  extent  uncertain,  would  be  as  foolish  aa  to 
refuse  to  avail  ourselves  of  the  morning's  light,  because  it  is  ijiot  eqaiU  ^ 
to  that  of  the  midday  sun. 


1  advance,  therefore,  to  the  special  object  of  these  lectures,  and  I  shall 
first  present  you  with  a  rapid  outline  of  the  n^etbod  which  I  intend  to 
follow.  It  is  indispensable  that  this  method  should  be  simple,  and  that 
every  consecutive  portion  should  be  so  fitted  to  clear  the  way  for,  and 
thjow  light  upout  what  is  to  follow,  that  we  may  be  able  to  advance 
fion.  the  first  rudiments  to  the  most  difficult  and  abstruse  parts  of  our 
subject,  without  any  chance  pf  the  illustrations  being  even  difficult  to 
comprehend.  This  end  I  do  not  hope  perfectly  to  attain,  but  it  will  be 
my  constant  aim,  and,  with  due  attention  on  your  part,  I  do  not  fear 
that  we  shall  fail  in  arriving  at  a  perfect  understanding  of  the  various 
points  to  which  I  shall  have  occasion  to  direct  your  attention. 

I  propose,  therefore,  to  bring  before  you*— 

I.  The  constitution  of  vegetable  substances  with  the  properties  of  the 
elementary  and  compound  bodies  which  either  enter  into  the  substances 
flf  plants  or  contribute  to  their  growth  and  nourishment. 
.    u«  Tbefsneralstroctaie  aM  fonqtionsofibeaeve^parUofi^^ 
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— iheir  mode  of  growth — and  the  manoer  ia  which  their  iboa  is  ab- 
sorbed, changed,  aod  converted  into  parts  of  their  sahstance. 

III.  The  origio,  nature,  and  pnncipal  difiRireuces  of  soils— with  the 
circumstances  on  which  their  relative  fertility  depeodsi  or  under  which 
it  is  modified. 

IV.  The  nature  and  differences  of  manures,  and  their  mode  of  action, 
whether  directly  in  supplying  food  to  the  plant*  or  indirectly  in  hasten- 
ing and  iocreasmg  their  growth. 

V.  The  nature  and  diversities  of  the  food  raised  as  the  result  of  cul- 
ture—especially  in  reference  to  their  several  equivalents  or  powers  of 
Supporting  animal  life. 

Under  this  head  the  feeding  of  cattle  and  the  variations  in  the  quan- 
tity and  quality  of  dairy  produce,  will  form  subjects  of  consideration. 

These  difFereat  branches,  I  believe,  comprehend  the  whole  subject 
of  chemical  agriculture ;  in  regard  to  all  of  them  we  shall  derive  either 
from  chemistry  or  geology  much  important  inibrmatioD. 

§  1.  Different  kinds  and  states  cfmaUer. 

All  the  forms  of  matter  which  present  themselves  to  our  view, 
whether  in  the  solid  crust  of  the  globe  on  which  we  live,  in  the  air 
which  forms  the  atmosphere  by  which  we  are  surrounded,  or  in  the  bo- 
dies of  animals  and  plants— all  are  capable  of  being  divided  into  the  two 
great  groups  of  organic  and  inorganic  matter.  The  solid  rocks  and  soiI>?, 
the  atmosphere,  the  waters  of  the  seas  and  oceans,  every  thing  which 
neither  is  nor  has  been  the  seat  of  life,  may  generally  be  included  under 
the  head  of  inorganic  matter.  The  bodies  of  all  living  animals  and 
plants,  and  their  dead  carcases,  consist  of  organic  or  organized  matter. 
These  generally  exhibit  a  kind  of  structure  readily  visible  by  the  eye, 
as  in  the  pores  of  wood,  and  in  the  fibres  of  hemp,  or  of  the  lean  of 
beef.*  and  are  thus  readily  distinguished  from  inorganic  matter,  in 
which  no  such  sti-ucture  is  observable. 

But  in  many  substances  of  organic  origin  also,  no  structure  is  obser- 
vable. Thus,  sugar,  starch,  and  gum,  are  formed  in  plants  in  great 
abundance,  and  yet  do  not  present  any  pores  or  fibres ;  they  have  never 
been  endowed  with  organs,  yet  being  produced  by  the  agency  of  H%'ing 
organs,  they  are  included  under  the  general  name  of  organic  matter. 
So  when  animals  aud  plants  die,  their  bodiies  undergo  decay,  but  the 
matter  of  which  they  are  composed  is  considered  as  of  organic  origin, 
not  only  as  long  as  any  traces  of  structure  are  observable,  but  even  after 
all  such  traces  have  disappeared.  Thus  coal  is  a  substance  of  organic 
origin,  though  almost  all  traces  of  the  vegetable  matter  from  which  it 
has  been  derived,  have  been  long  ago  obliterated. 

Again,  heat  chars  and  destroys  wood,  starch,  and  gum,  forming  black 
substances  totally  unlike  the  original  matter  acted  upon.  By  distillation, 
wood  yields  tar  and  vinegar ;  and  by  fermentation,  sugar  is  converted 
first  into  alcohol,  and  then  into  vinegar.  All  substances  derived  from 
vegetable  or  animal  products  by  these  and  similar  processes  are  included 
under  the  general  designation  of  organic  bodies. 

*  The  poret  of  wood  and  fitves  and  minute  yeasela  In  animala  beiof  the  origam  or  instni* 
meota  oiufe,  the  aubataocea  Uiemaelvea  an  catted  oiiaiuaad  or  oiiaDiOi 
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Now  if  we  take  a  portion  of  almost  any  of  those  numeroas  ibnnt 
of  matter  which  we  meet  with  either  in  the  inorganic  or  in  the  organic 
kingdoms,  we  find,  that  on  subjecting  it  to  certain  chemical  processes,  it 
is  capable  of  being  resolved  or  separated  into  more  than  one  substance. 
Thus  coal  when  put  into  a  gas  retort  is  resolved  into  tar,  coal  gas,  and 
certain  other  substances.  Wood,  when  treated  in  the  same  way,  yields 
pyroligneous  acid,  tar,  and  water,  and  leaves  behind  a  residue  of  char- 
coal. If  again  we  subject  charcoal  to  the  action  of  heat  (not  in  the 
open  air),  or  to  any  other  process  we  can  devise,  we  can  never  separate 
any  thing  further  from  it.  After  all  our  operations  we  obtain  only 
charceal. 

So  a  piece  of  common  lead  ^ ore,  when  heated  in  a  similar  manner^ 
"v^ill,  if  pure,  give  off  sulphur  only,  and  leave  the  lead  behind,  from  which 
oothing  but  lead  can  afterwards  be  extracted. 

Thus  it  is  evident  that  wood  and  the  ore  of  lead  differ  from  charcoal 
and  metallic  lead  in  this  respect,  that  the  former  consist  of  more  than  one 
kind  of  matter,  the  latter  of  one  kind  of  matter  only.  Hence  charcoal 
and  lead  are  called  simple  or  elementary  bodies,  while  wood  and  all  otli- 
er  substances  which  are  capable  of  being  resolved  into  two  or  more 
different  kinds  of  matter  are  called  compound  bodies. 

The  diversified  forms  of  matter  which  present  themselves  to  our  no- 
tice in  the  mineral  crust  of  the  globe,  and  in  the  organs  and  vessels  of 
plants  and  animals,  are  absolutely  without  number.  We  can  no  more 
reckon  them  than  we  can  the  stars  of  heaven.  Yet  it  is  one  of  those  re- 
sults of  modern  chemistry  which  to  the  mlpd  not  yet  familiarized 
with  chemical  discoveries  appears  most  >vonderful,— that  these  num- 
berless forms  of  matter  are  capable  of  being  resolved  into,  and  there- 
fore are  composed  or  made  up  of,  only  55*  of  those  simple  or  ele- 
mentary substances,  the  nature  of  which  has  been  above  explained. 
Occasionally  these  elementary  substances  occur  in  a  separate  state,  as 
in  native  [so  called  when  found  in  the  malleable  state,]  gold  and  silver, 
but  they  are  generally  found  associated  together,  forming  substances 
from  which  several  of  the  55  simple  bodies  may  be  extracted. 

AU  the  material  substances  in  nature  consist  of  one  or  more  of  theae 
55  elementary  bodies.  This  is  sufficiently  surprising,  yet  it  is,  if  pos- 
sible, still  more  remarkable  tliat  nearly  the  entire  mass  of  every  vege- 
table substance  may  be  resolved  into  one  or  more  of  four  only  of  these 
simple  substances. 

When  a  portion  of  animal  or  vegetable  matter  is  burned  it  either  en- 
tirely disappears  or  leaves  behind  it  only  a  small  quantity  of  ash.  Ani- 
mal and  vegetable  oils^and  fats,  gum,  sugar,  and  starch,  when  burned, 
disappear  entirely ;  a  piece  of  wood  or  of  lean  meat  leaves  a  small 
quantity  of  earthy  (inorganic)  matter  behind. 

Now  all  that  disappears  when  any  portion  of  vegetable  matter,  of  any 
kind,  is  burned,  consists  generally  of  three,  and  only  ia  some  rare  cases 

*  The  names  of  these  elementary  bodies  are  as  follows :— Oxygen,  hydrogen,  nttrofea, 
sulphur,  eelenfum,  phosphorus,  chlorine,  broniino,  iodine,  fluorine,  carbon,  boron,  silicon, 
potassium,  sodium,  lithium,  barium,  strontium,  calcium,  majineslum,  aluminium,  gluctnium, 
yttrium,  sirconium,  thorium,  cerium,  lanihsnium,  manganese,  iron,  cobalt,  nickel,  zinc, 
cadmium,  lead,  Un,  biamuth,  copper,  uranium,  mercury  (quicksilver),  silver,  palladium, 
Mdium,  plallnum,  gold,  osoimm,  UtjguBium,  tantalum  (coloffibium),  tuofiten,  moiylKlenum. 
ftosdliUD,  chromium,  aiitimony,  (sUnriam,  acMoic. 
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rf  mow  than  toor,  of  the  elementary  bodies.  These  four  are  earbooi 
oxygen,  hydrogen,  and  nitrogen.  With  the  exception  of  the  matter  ir* 
deetructible  by  fire  (the  ash y>  chemical  analysis*  has  hitherto  failed  todeteci 
the  presence,  in  any  notable  quantity,  of  more  than  these  four  sabstances. 
The  same  remarks  apply  with  almost  equal  truth  to  animal  substances. 
The  destructible  pan  of  these  also  consists  of  the  same  four  elements. 

To  the  agriculturist,  therefore,  an  acquaintance  with  these  four  con- 
stituent parts  of  all  that  lives  and  grows  on  the  face  of  the  globe  is 
iadispensable.  It  is  impossible  for  him  to  comprehend  the  laws  by 
which  the  operations  of  nature  in  the  vegetable  kingdom  are  eondocted, 
nor  the  reason  of  the  processes  he  himself  adopts  in  order  to  facilitate  or  to 
modify  these  operations,  without  this  previous  knowledge  of  the  nature 
of  the  elements— the  raw  materials  as  it  were—out  of  which  all  the 
products  of  vegetable  growth  are  elaborated. 

I  shall  first,  therefore,  jxhiWt  to  you  briefly  the  properties  of  these 
mrgamt  constitaents  of  plants,  in  order  that  we  may  be  prepared  for  the 
forther  inquiries — by  what  m^ansor  in  what  form  they  enter  into  the  cir- 
culation of  plants — and  how,  when  they  have  so  entered,  they  are  con- 
verted into  those  substances  of  which  the  skeleton  of  the  plant  consists 
or  which  are  produced  in  its  several  organs. 

§  2.  Carhatir-^U  propertie$  and  reUUwns  fts  vegcUAle  lift. 

Carbon  is  the  name  given  by  chemists  to  the  substance  of  wood  char- 
coal in  its  purest  form.  Wiren  wood  is  distilled  *in  close  vessels,  or 
burned  in  heaps  covered  over,  so  as  to  prevent  the  free  access  of  air, 
wood  charcoal  is  left  behind.  When  this  process  is  well  performed,  the 
eharcoal  consists  of  carbon  with  a  slight  admixture  only  of  earthy  and 
•aline  matters,  which  remain  behind  on  burning  the  charcoal  in  the  air. 

Heated  in  the  air,  charcoal  burns  with  little  flame,  aud,  with  the  ex- 
ception of  the  ash  which  is  left,  endrely  disappears.  It  is  converted  into 
a  kind  of  air  known  among  chemists  by  the  name  of  carbonic  acid,  which 
ascends  as  K  is  formed  and  mingles  with  the  atmosphere. 

Charcoal  is  light  and  porous,  and  floats  upon  water,  but  plumbago  or 
black  lead  and  the  diamond,  which  are  only  other  forms  of  carbon,  are 
heavy  and  dense.  The  former  is  2i,  and  the  latter  S^,  times  heavier 
than  water.  The  diamond  is  the  purest  form  of  carbon,  and  at  a  high 
temperature  it  burns  in  the  air  or  in  oxygen  gas,  and,  like  charcoal,  dis- 
appears in  the  stare  of  carbonic  acid  gas.  ^ 

Of  this  carbon  all  vegetable  substances  contain  a  very  large  jwrtion. 
h  forms  from  40  to  50  per  cent.,  by  weight,  of  all  the  parts  of  plants 
which  are  cultivated  for  the  food  of  animals  or  of  man,  [that  is,  of  these 
plants  in  their  dried  state.]  In  the  economy  of  nature,  therefore,  it  per- 
forms a  most  important  part. 

The  light  porous  charcoals  obtained  from  wood  [especially  from  the 
willow,  the  pme,  and  the  box],  and  from  animal  substances,  possess 
several  interesting  properties,  which  are  of  practical  application  in  the 
art  of  culture.  1^.  They  have  the  power  of  absorbing  in  larfe  quanti- 
ty into  their  pores,  the  gaseous  substances  and  vapoqrs  which  exist  in 

*  Under  the  genenl  name  of  chemical  tmal!f9(§  are  eonprehended  the  vacioiM  proeeiiee 
l»  whieit,  aa  above  explained,  oalaral  fonia  of  matter  majr  be  reeelred  or  separated  talo 
tae  sevenl  elcaiejito  or  ■i^utf^^  M^bataBCM  of  wliUili  timj  eoiMflU 


M  TMOVmkttM  or  OXT«XII« 

tbe  atmosphere  ;*  and  ^  tbia  pnrpeny,  aa  I  ihalt  explain  hereafter,  tho 
use  of  charcoal  powder  ae  a  manure  probably  iaeomenaeaeure  depends. 
2°.  They  also  separate  from  water  any  decayed  animal  matters  or  ool* 
ouring  substances  which  it  may  hold  in  solution ;  hence  its  use  in  filters 
for  purifying  and  sweetenii^  impure  river  or  sprina  waters,  or  for  clan* 
Tying  syrups  and  oils.  Tms  action  is  so  powerml  that  port  wine  is 
rendered  perfectly  colourless  by  filtering  through  a  well  prepared  char 
ooal* 

In  or  upon  tbe  soil  charcoal  for  a  time  will  act  in  the  same  manner, 
will  absorb  from  the  air  moisture  and  gaseous  substances,  and  from  tho 
rain  and  trom  flowing  waters  organized  matters  of  various  kinds,  any 
of  which  it  will  be  in  a  condition  tp  yield  to  the  plants  which  grow 
around  it,  when  they  are  such  as  are  likely  to  contribute  to  their 
growth. 

3^.  Tbey  have  the  property  also  of  absorbing  disagreeable  odours  in 
a  very  remarkable  manner.  Hence  animal  food  keeps  longer  sweet 
when  placed  in  contact  with  charcoal— hence  also  vegetable  substances 
containing  much  water,  such  as  potatoes,  are  more  completely  preser\'ed 
by  the  aid  of  a  quantity  of  charcoal— -and  hence  tbe  refuse  charcoal  of  tbe 
sugar  refiners  is  found  to  deprive  night-soil  of  its  disagreeable  odour,  and 
to  convert  it  into  a  dry  and  portable  manure.  4°.  They  exhibit  also 
the  still  more  singular  property  of  extracting  from  water  a  portion  of  the 
saline  substances  tliey  may  happen  to  hold  in  solution,  and  thus  allow- 
ing it  to  escape  in  a  less  impure  form.  The  decayed  (half  carbonized) 
roots  of  grass,  which  have  been  long  subjected  to  irrigation,  may  act  in 
one  or  all  o(  these  ways  on  the  more  or  less  impure  water  by  which 
they  are  irrigated — and  thus  gradually  arrest  and  collect  the  materiala 
which  are  fitted  to  promote  the  growth  of  the  coming  crop. 

§  3.  Oxygen^-^its  properties  and  relations  to  vegetable  life. 

Oxygen  is  a  substance  with  which  we  are  acquainted  only  in  the  gas* 
eous  or  aeriform  state. f  By  the  unaided  senses  it  cannot  be  distio- 
guished  from  common  air,  being  void  of  colour,  taste  and  smell.  But 
if  a  lighted  taper  be  plunged  into  it,  the  flame  is  wonderfully  increased 
both  m  size  and  brilliancy,  and  the  taper  burns  away  with  great 
rapidity. 

The  effect  of  this  gas  upon  animal  life  is  of  a  similar  kind.  When 
a  living  animal  is  introduced  into  a  large  vessel  filled  with  oxygen,  tbe 
rapidity  of  the  circulation  is  increased,  all  the  vital  functions  are  stimu- 
lated and  excited,  a  state  of  fever  comes  on,  and  after  a  time  the  ani- 
mal dies. 

By  these  two  characters,  oxygen  is  distinguished  from  every  other  ele- 
mentary body.  It  exists  in  the  atmosphere  to  the  amount  of  21  percent, 
of  its  bulk,  and  in  this  state  of  air  is  necessary  to  the  existence  of  ani- 
mals and  of  plants,  and  to  the  support  of  combustion  on  the  face  of  the 
globe.  It  exists  also  largely  in  water,  every  nine  pounds  of  this  liquid 
containing  eight  pounds  of  oxygen. 


*  ThiM  ofunmofiia  thev  tbtorb  96  dmes  their  own  txilk,  of  solphufetted  hydrogen  66  times, 

jfozygen  9  times,  of  hyorogennearlj  twice  U^'""        *   '   .^  ^   - 

IncfeiMi  their  weight  from  10  lo  9(^  per  eeot 


of  oxygen  9  times,  of  hydrogen  nearly  twice  their  ImUc,  and  of  aqueous  vEpour  so  much  as  to 
Incfease  their  weight  from  10  lo  9(^  per  eeot 

t  in  thisattte  kis  readily  obCatosdhy  heating ta a glaaa retort  Ora 
«f  Iha  abops,  or  a  white  salHriMiwii  byine  nam^oroUBnteeirpolMh. 
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But  the  qaaotity  of  this  suhstaace  which  is  stored  up  in  the  8o)iil  rocfai 

18  Still  more  remarkable.  Nearly  ooe-half  of  the  weight  of  the  solid 
rcMsks  which  compose  the  crust  of  our  globe*  of  every  solid  substance  we 
see  around  us— of  the  houses  in  which  we  live,  and  of  the  stones  oi| 
which  we  tread— of  the  soils  which  you  daily  cultivate,  and  much  more 
than  one-half  bv  weight  of  the  bodies  of  all  living  animals  and  planlSv 
consist  of  this  elementary  body  oxygen,  known  to  us,  as  I  have  already 
said,  only  in  the  state  of  a  gas.  U  may  not  appear  surprising  that  any 
one  elementary  substance  should  have  been  rormed  b^  the  Creator  in 
such  abundance  as  to  constitute  nearly  one-half  by  weight  of  tbe  entire 
crust  of  our  globe,  but  it  must  strike  you  as  remarkable,  that  this  should 
also  be  the  element  on  the  presence  of  which  all  animal  life  depends— 
and  as  nothing  less  than  wonderful,  that  a  substance  which  we  know 
only  in  the  state  of  thin  air,  should,  by  some  wonderful  mechanism,  bo 
bound  up  and  imprisoned  in  such  vast  stores  in  the  solid  mountains  of 
the  globe,  be  destined  to  pervade  and  refresh  all  nature  in  the  form  of 
water,  and  \o  beautify  and  adorn  the  earth  in  the  solid  parts  of  animals 
and  plants.  But  all  nature  is  full  of  similar  wonders,  and  every  step 
you  advance  in  the  study  of  the  principles  of  the  ari  by  which  you  live» 
you  will  not  fail  to  mark  the  umted  skill  and  bounty  of  the  same  great 
Contriver. 

Oxygen  gas  ia  heavier  than  common  air  in  the  proportion  of  about  11 
to  10  [us  specific  gravity  by  experiment  is  1*1026,  air  being  1]  ;  it  is 
also  capable  of  being  absorbed  by  water  to  a  certain  extent.  One  hun- 
dred measures  of  water  dissolve  6k  of  this  gas.  [De  Saussure.  Ac- 
cording to  Dr.  Henry,  100  volumes  of  water  absorb  only  3i  of  oxygen.] 
Kain,  sprint,  and  river  waters,  always  contain  a  portion  of  oxygen 
which  they  have  derived  from  the  atmosphere,  and  this  oxygen,  as  they 
trickle^hrough  the  soil,  ministers  to  the  growth  and  nourishment  of  plants 
in  various  ways.  Some  of  these  will  be  explained  in  a  subsequen  t  lecture. 

In  an  atmosphere  of  pure  oxygen  gas»  plants  refuse  lo  vegetate,  and 
speedily  perish. 

$  4.  Hydrogen^ts  properties  and  relatums  to  vegetable  life. 
Hydrogen  is  also  known  to  us  only  in  the  state  of  ^as,  and  when  per 
fectly  pure  aerees  with  oxygen  and  common  air  in  bemg  without  cokMir« 
taste,  or  smell.  It  is  not  known  to  occur  in  nature  in  a  free  or  simple 
state,  nor  does  it  exist  so  abundamly  as  either  carbon  or  oxygen.  It 
Ibrms  a  small  per  centage  of  the  weight  of  all  animal  and  vegetable 
substances,  and  constitutes  one-nintfa  of  this  weight  of  water,  but  with 
the  exception  of  coaU  it  does  not  enter  as  a  constituent  into  any  of  the  lazgo 
mineral  masses  that  exist  in  the  crust  of  the  globe. 

When  a  lighted  taper  is  plunged  into  this  gas  it  is  immediately  ex- 
tinguished, but  if  in  contact  with  the  air  the  gas  itself  takes  fire  and  buns 
vim  a  pale  yellow  flame.  If  previously  mixed  with  air  or  with  oxyi^en 
^,  it  kindles  and  burns  with  a  loud  explosion.  During  this  combus- 
tion water  is  formed.     [See  the  Second  Lecture.] 

It  doegaiot  support  life,  animals  cease  to  breathe  when  introduced  into 
it,  and  plants  gradually  wither  and  die.  It  is  the  lightest  of  all  known 
substances,  being  about  14i  times  lighter  than  common  air,  so  that  if  the 
•topper  be  removed  fhun  abottle  in  which  it  is  contained  it  almost  imma- 
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diately  escapes,  [its  specific  gravity,  by  experiment,  is  0*0687,  air  be- 
ing 1.]  It  is  the  element  which  is  employed  to  give  baoyancy  ta 
balloons ;  and  by  this  great  levity  and  its  relations  to  flame  it  is  readily 
distingaished  from  all  other  known  substances. 

Water  absorbs  it  only  in  very  small  quantities,  100  gallons  taking  up 
no  more  than  about  1|  gallons  of  hydrogen  gas.  But,  as  already  olh^ 
served,  this  gas  does  not  exist  in  nature  in  a  free  state— is  not  necessary^ 
therefore,  to  the  growth  of  plants  or  animals  in  this  state-^and  hence  its 
insolubility  in  water  is  in  unison  with  the  general  adaptation  of  every 
property  of  every  body,  to  the  health  and  growth  of  the  highest  orders 
of  living  beings. 

Hydrogen  gas  is  really  obtained  from  water  by  putting  it^fo  it  a  few 
pieces  of  metallic  iron  or  zinc,  and  adding  a  little  sulphunc  acid  (oil  of 
vitriol).  Bubbles  of  the  gas  are  Kberated  from  the  surface  of  the  meCtJ, 
ascend  through  the  water,  and  may  be  collected  on  the  surface. 

^  5.  NUrogen^'Us properiUi^ and  reUUwnt  to  vegeUMe  lift. 

Nitrogen  is  also  known  to  us  only  in  the  form  of  gas.  It  exists  in  the 
atmosphere  to  the  amoant  of  79  per  cent,  of  its  bulk.  It  is  witbonl 
colour,  taste,  or  smell.  Animals  and  plants  die  in  this  gas,  and  a  taper 
is  instantly  extinguished  when  introduced  into  it ;  the  gas  itself  under- 
going no  change.  It  is  lighter  than  atmospheric  air,  in  the  proportion 
of  97i  to  100,  [its  density  is  0*976,  air  being  1.]  It  is  an  eseemial 
constituent  of  the  air  we  breathe,  serving  to  temper  the  ardour  with 
which  combustion  would  proceed  and  animals  live  in  undiiuted  oxygen 
gas.  It  forms  a  part  of  very  many  animal  and  of  some  vegetaUe "sob- 
stances,  but  it  is  not  known  to  enter  into  the  composition  of  any  of  th« 
great  mineral  masses  of  which  the  earth's  crust  is  made  up.  In  coal 
alone,  which  is  of  vegetable  origin,  it  has  been  detected  to  the  amount 
of  one  or  two  per  cent.  It  is  therefore  much  less  abundant  in  nature 
than  any  of  the  other  so  called  organic  elements— and  it  exhibits  much 
less  decided  properties  than  any  of  them ;  yet  we  shall  hereafter  see 
that  it  performs  certain  most  important  functions  in  reference  both  to  the 
growth  of  plants  and  to  the  nourishment  of  animals. 

One  hundred  volumes  of  water  dissolve  about  1)  volumes  of  thie 
gas.*  Spring  and  rain  waters  absorb  it  as  they  do  oxygen,  from  the  at- 
mospheric air,  and  bear  it  in  solution  to  the  roots,  by  which  it  is  not  un- 
likely  that  it  may  be  conveyed  directly  into  the  circulation  of  plants. 

8uch  are  the  several  elementary  bodies  of  which  the  organic  or  de- 
structible part  of  vegetable  substarices  is  formed.  With  one  exception 
they  are  known  to  us  only  in  the  form  of  gases ;  and  yet  out  of  these 
gases*  much  of  the  solid  parts  of  anihials  and  of  plants  are  made  up. 
When  alone,  at  the  ordinary  temperature  of  the  atmosphere  they  form 
invisible  kinds  of  air ;  when  united,  they  constitute  those  various  fomM 
of  vegetable  matter  which  it  is  the  aim  and  end  of  the  art  of  -culture  to 
raise  with  rapidity,  with  certainty,  and  in  abnndanee.  Hoti^  difficult 
to  uttderstana  the  intricate  processes  by  which  nature  works  up  these 
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raw  materials  into  her  many  beautiful  productions— ^et  how  interest- 
ing it  most  be  to  know  her  ways,  how  asefui  even  partially  to  find  them 
out! 


Permit  me,  in  conclnsion,  to  submit  to  yon  one  reflection.  We  have 
seen  that  oxygen,  hydrogen«  and  nitrogen,  are  all  gaseous  substances, 
which  when  pure  are  destitute  of  colour,  taste,  and  smell.  They  can- 
not be  distinguished  by  the  aid  of  our  senses.  Man  in  a  state  of  nature 
—uneducated  man— cannot  discern  that  they  are  different.  Yet  so 
simple  an  instrument  as  a  lighted  taper  at  ooce  shows  them  to  be  totally 
unlike  each  other.  This  simple  instrument,  therefore,  serves  us  in- 
stead of  a  new  sense,  and  makes  us  acquainted  with  properties  the  ex- 
istence of  which,  without  such  aid,  we  should  not  even  have  suspected* 
Has  the  Deity  then  been  unkind  to  man,  or  stinted  in  his  benevolence 
in  withholding  the  gift  of  such  a  sense  ?  On  the  contrary,  he  has  given 
us  an  understanding  which  when  cultivated  is  better  than  twenty  new 
senses.  The  chemist  in  his  laboratory  is  better  armed  for  the  investi- 
gation of  nature,  than  if  his  organs  of  sense  had  been  many  times  mul- 
tiplied. He  has  many  instruments  at  his  command,  each  of  whicht 
like  the  taper,  tells  him  of  properties  which  neither  his  senses  nor  any 
other  of  his  instruments  can  discover;  and  the  further  his  researches 
are  carried,  the  more  williog  does  nature  seem  to  reveal  her  secrets  to 
him,  and  the  more  rapidly  do  his  chemical  senses  increase.  Do  you 
think  that  tlie  rewards  of  study  and  patient  experimental  research  are 
confined  to  the  laboratory  of  the  chemist,  and  that  the  Deity  will  prove 
less  kind  to  you,  whose  daily  toil  is  in  the  great  laboratory  of  nature  7 
As  yet  you  see  but  faintly  the  reason  of  many  of  your  commonest  oper- 
ations, and  over  the  results  you  have  comparatively  little  control— but 
the  light  is  ready  to  spring  up,  the  means  are  within  your  reach— you 
have  only  to  employ  your  minds  as  diligently  as  you  labour  with  your 
hands,  and  ultimate  success  is  sure. 


LECTURE  II. 

OMxBctertotle  nopeitiM  of  oi;s»Aic  sobitaoces— lUtotiT*  proportloiM  of  oi^aiiie        

Variable  proporaoiM  of  inorganic  elements  In  plant*— Form  in  which  the  organic  eJe- 
menls  are  token  op  by  plants— The  atmosphere,  i(a  constltation  and  relations  to  ▼eeetafate 
lif(»— Nainre  and  laws  of  chemical  combination— Water  and  Its  relations  to  T«cetabie  lifia 

§  1.  Characteristic  properties  of  organic  substances* 

Of  th^  four  elementary  substaoces  described  in  the  former  lecture,  the 
organic  part  of  all  animal  and  vegetable  substances  consists.  Wbat  is 
understood  hy  the  term  organic  has  also  been  explained. 

But  organic  substances  piM^ess  certain  characters  by  which  they  are 
distinguLuiod  from  the  inorganic  or  dead  matter  of  the  globe,  and  on 
which  their  ooanection  with  the  principle  of  life,  and  with  the  art  of 
culture,  entirely  depends.  These  characteristic  properties  are  chiefly 
the  following : 

1°.  They  are  all  easily  decomposed  or  destroyed  by  a  moderately 
high  temperature.  If  wood  or  straw  be  heated  in  the  air,  as  over  the 
flame  of  a  candle,  it  becomes  charred,  burns,  and  is  in  a  great  measure 
dissipated.  So  sugar  and  starch  darken  in  colour  when  heated,  black- 
en, and  take  fire.  The  same  is  true  of  all  vegetable  substances.  But 
limestone,  clay,  and  other  earthy  or  stony  matters,  undergo  do  appar- 
ent change  in  such  circumstances — ^they  are  not  decomposed. 

2°.  When  exposed  to  the  air,  especially  if  it  be  warm  and  rookty 
vegetable  and  animal  substances  putrify  and  decay.*  They  decom- 
pose of  their  own  accord,  and  after  a  time  almost  entirely  disappear. 
Such  is  not  the  case  with  inorganic  matters.  If  the  rocks  and  stones 
crumble,  their  particles  may  be  washed  away  by  the  rains  to  a  lower 
level,  but  they  never  putrify  or  wholly  disappear. 

3°.  They  consist  almost  entirely  of  two  or  more  of  the  four  organic 
elements  only.  The  mineral  substances  we  meet  with  on  the  earth*8 
surface,  and  collect  for  our  cabinets,  often  contain  portions  of  many  ele- 
mentary bodies;  but,  with  few  exceptions,  the  organic  part  of  all  plants* 
that  which  lives  and  grows,  contains  only  the  four  simple  substances 
described  in  my  former  lecture. 

4°.  They  are  distinguished  also  by  this  important  character,  that 
they  cannot  be  formed  by  human  art.  Many  of  the  inorganic  com- 
pounds which  occur  in  the  mineral  crust  of  the  globe  can  be  produced  by 
the  chemist  in  his  laboratory,  and  were  any  corresponding  benefit  likely 
to  be  derived  from  the  expenditure  of  time  and  labour,  there  is  reason  to 
believe  that,  with  a  few  exceptions,  nature  might  be  imitated  in  the  for- 
mation of  any  of  her  mineral  productions.  But  in  regard  to  organic  sub- 
stances, whether  animal  or  vegetable,  the  chemist  is  perfectly  at  fault- 
He  can  form  neither  woody  fibre,  nor  sugar,  nor  starch,  nor  muscular 
fibre,  nor  any  of  those  substances  which  constitute  the  chief  bulk  of  ani- 
mals and  plants,  and  which  serve  for  the  food  of  animated  beings* 

*  Fbr  an  explanadon  of  the  4zaet  nature  and  end  of  this  putrsfkctlon,  see  the 
Lectore,  **Oiithidtea^  qftmimal  ami  vegetable  mtbataneeM." 
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Tbls  is  an  unportaDt  and  striking,  and  is,  I  believe,  likely  lo  remsin  a 
permanent  distinction,  between  most  substances  of  organic  and  of  inor- 
ganic origin. 

Looking  back  at  the  vast  strides  which  organic  chemistry  has  mado 
within  the  last  twenty  years,  and  is  still  continuing  to  make,  and  trust- 
ing to  the  continued  progress  of  human  discovery,  some  sanguine  chem* 
ists  venture  to  anticipate  the  time  when  the  art  of  man  shall  not  only 
acquire  a  dominion  over  that  principle  of  life,  by  the  agency  of  which 
plants  now  grow  and  alone  produce  food  for  osan  and  beast,  but  shall  b6 
able  also,  in  many  cases,  to  imitate  or  dispense  with  the  operations  of  that 
principle:  and  to  predici  that  the  time  will  come  when  man  shall  man- 
ufacture by  art  those  necessaries  and  luxuries  lor  which  he  is  now  wholly 
dependent  on  the  vegetable  kingdom. 

And,  having  conquered  the  winds  and  the  waves  by  the  agency 
of  steam,  is  man  really  destined  to  gain  a  victory  over  the  uncertain  sea- 
sons too?  Shall  he  come  at  last  to  tread  the  soil  beneath  his  feet  as  a 
really  useless  thing— to  disregard  the  genial  shower,  to  despise  the  influ- 
ence of  the  balmy  dew-— to  be  indifferent  alike  to  rain  and  drought,  to 
cloud  and  to  sunshine— id  laugh  at  the  thousand  cares  of  the  husband- 
man— to  pity  the  useless  toil  and  the  sleepless  anxieties  of  the  ancient 
tillers  of  tne  soil  ?  Is  the  order  of  nature,  tnrough  all  past  time,  to  be  re- 
versed—are the  entire  constitution  of  society,  and  the  habits  and  pur* 
suits  of  the  whole  human  race,  to  be  completely  altered  by  the  pro- 
gress of  scientific  k  no wledge  ? 

By  placing  before  man  so  many  incitements  to  the  pursuit  of  know- 
ledge, the  wiU  of  the  Deity  is  ,that  out  of  this  increase  of  wisdom  he 
should  extract  the  means  of  increased  happiness  and  enjoyment  also. 
But  set  man  free  from  the  necessity  of  tilling  the  earth  by  the  sweat  of 
his  brow,  and  you  take  from  him  at  the  same  time  the  calm  and  tran- 
quil pleasures  of  a  country  life — ^the  innocent  enjoyments  of  the  return- 
ing seasons — the  cheerful  health  and  happiness  that  wait  upon  labour 
in  the  free  air  and  beneath  the  bright  sun  of  heaven.  And  for  what  ?-* 
only  to  imprison  him  in  manufactories,  to  condemn  him  to  the  fretful 
and  feverish  life  of  crowded  cities. 

To  such  ends,  I  trust,  science  is  not  destined  to  lead ;  and  he  is  not 
only  unreasonably,  but  thoughtlessly  sanguine,  who  would  hope  to  de- 
rive from  organic  chemistry  such  power  over  dead  matter  as  to  be  able 
to  fashion  it  into  food  fur  living  animals.  With  such  coosequeuces  be- 
fore us  it  seems  almost  sinful  to  wish  for  it. 

Yet,  that  this  branch  of  science  will  lead  to  great  ameliorations  hi  the 
art  of  cuhure,  there  is  every  reason  to  believe.  It  will  explain  old  meth- 
ods'-it  will  clear  up  anomalies,  reconcile  contradictory  results  by  ex- 
plaining the  principles  from  which  they  flow — and  will  suggest  new  metlr- 
ods  by  which  better,  speedier,  or  more  ceitain  harvests  may  be  reaped. 

§  2.  Relative  proportions  of  organic  elements. 
Though  the  substance  of  plantt  consists  chiefly  of  the  four  organic  ele- 
ments, yet  these  bodies  enter  into  the  constitution  of  vegetables  in  very 
different  proportions.  This  fact  has  already  been  adverted  to  in  a  gen- 
eral manner :  it  will  appear  more  distinctly  by  the  following  statement 
«f  the  exact  quantities  of  each  element  cootained  in  1000  parts  fay 
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weight  of  some  of  the  more  importaot  Idnds  of  vegetable  substance  yoo 
are  in  the  babit  ofcuItivattDg  :*— 


Ha  J  from 

yoimfCloTer 

SOMM-Qld.    Oits. 

ftMd. 

Hay.      Fwsi 

WheM. 

Haj. 

Potaliica 

507       607 

404 

471       465 

455 

458 

441 

Hydrogen 

66         64 

58 

56        61 

57 

50 

58 

Oxygen 

389      367 

350 

349      401 

431 

387 

439 

Nitrogen 

38        22 

70 

24         42 

34 

15 

12 

Ash  .    . 

.    >oCstated       40 

28 

100        31 

23 

90 

50 

1000»  lOOOt  1000*  lOOOf  lOOOt  1000*  lOOOf  lOOOf 

Tlie  Dambers  in  the  above  table  represent  the  constitniioo  of  the 

plants  and  seeds,  taken  in  the  stale  in  which  they  are  given  to  cattle  or 

are  laid  up  for  preservation,  and  then  dried  at  230°  FahreMieit.    By 

this  drying  they  lost  severally  as  follows : 

1000  parts  of  Potatoes  .    •    lost    •    .    •    722  parts  of  water 
ditto        of  Wheal    .     .      —    ...     166        ditto 
ditto        of  Hay    ...—    ...     168        ditto 
ditto        of  Aftermath  Hi^ —    .   136  to  140        ditto 
ditto        of  Oats    ...—....     151        ditto 
dhio        of  Clover  Seed .     —    .    .     .     112        ditto 
ditto        of  Peas     ...     —    ...       86        ditto 
In  crops  as  they  are  reaped,  therefore,  and  even  as  (hey  are  given  for 
food,  much  water  is  present.     When  artificially  dried,  the  carbon  ap- 
proaches to  one-half  of  their  weight— the  oxygen  to  more  than  one- 
third§ — the  hydrogen  to  little  more  than  5  per  crent. — ^and  the  nitrogea 
rarely  to  more  than  2|  per  cent.     These  proportions  are  variable,  bat 
they  represent  very  nearly  the  relative  weights  in  which  these  elements 
enter  into  the  constitution  of  those  forms  of  vegetable  matter  which  are 
raised  in  the  greatest  quantity  for  the  support  of  animal  life. 

Bat,  besides  the  organic  part,  vegetable  substances  contain  an  inor- 
ganic portion,  which  remains  behind  in  the  form  of  ash  when  the  p!ant  is 
consumed  by  fire,  or  of  dust  when  h  decomposes  and  disappears  its 
consequence  of  natural  decay. 

In  the  dried  hay,  oats,  dec,  of  which  the  composition  is  represented 
in  the  above  table,  we  see  that  the  quantity  of  ash  is  very  varii^bTe,  in 
oats  being  as  small  as  4  per  cent.,  while  of  hay  every  hundred  ix)unds 
left  10  of  asli.  A  similar  difference  is  observed  generally  to  prevail 
throughout  the  vegetable  kingdom.  Each  variety  of  plant,  when 
burned,  leaves  a  weight  of  ash,  more  or  less  peculiar  to  itself.  Herba- 
ceous plants  generally  leave  more  than  the  wood  of  trees — and  diflfer- 
ent  parts  of  the  same  plant  yield  unlike  quantities  of  inorganic  matter.]} 

*  BouaBingaait  Annalea  da  Chim.  at  de  Phya.  (1838)  lxvii.  p.  20  m  aa 

t  Ditto  ditto  (1839)  uczi.  p.  113  to  138. 

i  Ditto  ditto  (1838)  lxi x.  p.  336. 

f  This  win  appear  do  war  ioooMiatoiit  with  tlie  ataiement  io  the  former  Lactoie,  Ouit 
oxygeo  cooatittttea  one-lialf  bj  weight  of  all  living  pUnta,  when  it  la  recollected  that  of  ciM 
water  driTea  off  hi  drying  theae  plania  efght-nintha  tnr  weifcht  conaiat  of  oiygen,  and  thai 
flOS  iba.  of  graaa,  for  ejcample,  yield  only  from  80  to  100  Iba.  of  hay. 

■  Thua  of  the  oak,  the  drted  bark  left  60  of  aah>-che  dried  leaTes  63-Hbo  diled  tibstcwmk 
4-'-and  the  dried  wood  orfy  S  parta  in  a  tbooaand  of  aah.— i>a  Awamra. 
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The«c  facts  are  of  great  importance  in  the  theory  and  in  the  enlightened 
prapiice  of  agriculture.  They  will  hereafter  come  unHer  special  and 
detailed  consideration,  when  we  shall  have  examined  the  nature  of  the 
soils  in  which  plants  grow,  and  shall  be  prepared  to  consider  the  chemi- 
cal nature,  the  source,  and  the  functions,  of  the  inorganic  com  pounds 
which  exist  in  living  animal  and  vegetable  substances. 

§  3.  Qf  the  form  or  state  of  combination  in  which  the  organic  elemenU 
enter  into  and  vtvmter  to  the  growth  of  plants. 

From  the  details  already  presented  in  the  preceding  Lecture,  in  re- 
gard to  the  properties  of  carbon  and  nitrogen,  and  the  circutnstances 
under  which  they  are  met  with  in  nature, — it  M'ill  readily  occur  to  you 
that  neither  of  these  elementary  bodies  is  likely  to  enter  directly,  or  in  a 
simple  state,  into  the  circulation  of  plants.  The  former  (carbon)  being 
a  solid  substance,  and  insoluble  in  water,  cannot  obtain  admission  into 
the  pores  of  the  roots,  the  only  parts  of  the  plants  with  which,  in  nature* 
it  can  come  in  contact.  The  latter  (hydrogen)  does  not  occur  either  in 
the  atmosphere  or  in  the  soil  in  any  appreciable^quantity,  and  hence,  in 
its  simple  state,  forms  no  part  of  the  food  of  plants.  Oxygen  and  nitro- 
gen, again,  both  exist  in  the  atmosphere  in  the  gaseous  state,  and  the 
former  is  known  to  be  inhaled,  under  certain  conditions,  by  the  leaves 
of  plants.  Nitrogen  may  also  in  like  manner  be  absorbed  by  the  leaves 
of  living  plants,  but,  if  so,  it  is  in  a  quantity  so  small  as  to^iave  hitherto 
escaped  detection.  The  two  latter  substances  (oxygen  and  nilrogeri) 
are  also  slightly  soluble  in  water,  and,  besides  being  inhaled  by  the 
leaves,  may  occasionally  be  abwrbed  in  minute  quantity  along  with  the 
water  taken  in  by  the  roots.  But  by  far  the  largest  proportion  of  these 
two  elementaiy  bodies,  and  the  whole  of  the  carbon  and  hydrogen 
which  find  their  way  into  the  interior  of  plants,  have  previously  entered 
into  a  state  of  mutual  combination — forming  what  are  called  distinct 
chemical  compounds.  Before  describing  the  nature  and  constitution  of 
these  compounds',  it  will  be  proper  to  explain,  1°.  the  constitution  of  the 
atmosphere  in  which  plants  live,  and,  2°.  the  nature  of  chemical  com- 
bination and  the  laws  by  which  it  is  regulated. 

§4.  On  the  constitution  of  the  atmosphere. 

The  air  we  breathe,  and  in  which  plants  live,  is  composed  principal- 
ly of  a  mixture  of  oxygen  and  nitrogen  gases,  in  the  proportion  very 
nearly  of  21  of  the  former  to  79  of  the  latter.  It  contains,  however,  as 
a  constituent  necessary  to  the  very  existence  of  vegetable  life,  a  small 
per  centage  of  carbonic  acid.  On  an  average  this  carbonic  acid 
amounts  to  about ^3^9^^  part*  of  the  bulk  of  the  air.  On  the  shores 
of  the  sea,  or  of  great  lakes,  this  quantity  diminishes;  and  it  becomes 
sensibly  less  as  we  recede  from  the  land.  It  is  also  less  by  day  than 
by  night  (as  3'38  to  4'32),  and  over  a  moist  than  over  a  dry  soil. 

The  air  is  also  imbued  with  moisture.  Watery  vapour  is  every 
where  diflused  through  it,  but  the  quantity  varies  with  the  season  of 
the  y^ar,  with  the  climate,  with  the  nature  of  the  locality,  with  its  alti- 

*  (HH  p«r  cent    The  mean  of  104  ezperimenu  made  br  8au«nire  at  Geneva  at  all  ttmes 
of  the  year  and  of  the  day  gave  4-16  fotumet  in  UXXJO.    the  maamom  was  5-74,  and  ths 
* 1 816. 
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tude,  and  with  its  distance  from  the  equator.  In  temperate  climateoy 
it  oscillates  on  the  same  spot  between  ^  and  1^  per  cent.  o(  the  weight 
of  the  air ;  being  least  in  mid-winter  and  greatest  in  the  hot  montlis  of 
summer.  There  are  also  mingled  with  the  atmosphere,  traces  of  the 
vast  varie^  of  substances  which  are  capable  of  rising  from  the  surface 
of  the  earth  in  the  form  of  vapour ;  such,  for  example,  as  are  given  off 
by  decaying  animal  or  vegetable  matter-— which  are  the  produce  of 
disease  in  either  class  of  bodies— or  which  are  evolved  during  the  oper- 
ations of  nature  in  the  inorganic  kiogdom,  or  by  the  artificial  processes 
of  man.  Among  these  accidental  vapours  are  to  be  iocluded  those 
niiasmatat  which,  in  certain  parts  of  the  world,  render  whole  districts 
unhealthy,— as  well  as  certaincompoundsof  ammonia,  which  are  infer- 
red to  exist  in  the  atmosphere,  because  they  can  be  detected  in  raia 
water,  or  in  snow  which  has  newly  fallen. 

In  this  constitution  of  the  atmosphere  we  can  discover  many  beauti- 
ful adaptations  to  the  wants  and  structure  of  animals  and  plants.  The 
exciting  eflfect  of  pure  oxygen  on  the  animal  economy  is  diluted  by  the 
large  admixture  with  nitrogen ;— the  quandty  of  carbonic  acid  present 
is  sufficient  to  supply  food  to  the  plant,  while  it  is  not  so  great  as  to 
prove  injurious  to  the. animal; — and  the  watery  vapour  suffices  to 
maintain  the  requisite  moisture  and  flexibility  of  the  parts  of  both  or- 
ders of  beings,  without  in  general  being  in  such  a  proportion  as  to  prove 
hurtful  to  either. 

The  atr  also,  by  its  subtlety,  difllises  itself  everywhere.  Into  every 
pore  of  the  soil  it  makes  its  way.  When  there,  it  yields  its  oxygen  or 
its  carbonic  acid  to  the  dead  vegetable  matter  or  to  the  living  root.  A 
shower  of  rain  expels  the  half-corrupted  air,  to  be  succeeded  by  a  purer 
portion  as  the  water  retires.  The  heat  of  the  sun  warms  the  soil,  and 
expands  the  imprisoned  gases,-«these  partially  escape,  and  are,  as  be- 
fore, replaced  by  other  air  when  the  rays  of  the  sun  are  witlidrawn. 

By  ine  action  of  these  and  other  causes  a  constant  circulation  is,  to 
a  certain  extent,  kept  up, — between  the  atmosphere  on  the  surface, 
which  plays  among  the  leaves  and  stems  of  plants,  and  the  air  which 
mingles  with  the  sod  and  ministers  to  the  roots.  The  precise  effect  and 
the  importance  of  this  provision  will  demand  our  consideradon  in  a  fu- 
ture lecture,  i 

§5.  T%e  nature  and  laum  ofy:hemical  catnbination. 

The  terms  comlnne  and  combination  in  chemical  language  have  a 
strict  and  precise  application.  If  sand  and  saw-dust  be  rubbed  togeth- 
er in  a  mortar  they  may  be  intimately  intermingled,  but  by  pouring  wa- 
ter on  the  mass  we  can  separate  the  particles  of  wood  and  leave  the 
sand  unchanged  behind.  So  if  we  stir  oatmeal  and  water  togetlier,  we 
may  cause  them  perfectly  to  mix  together,  but  by  the  aid  of  a  gentle 
heat  we  can  expel  the  water  and  obtain  dry  oatmeal  in  its  original 
condidon.  Or,  by  putdng  salt  into  water,  it  will  dissolve  and  disappear, 
and  form  what  is  called  a  solution,  but  by  boiling  it  down,  as  is  done 
in  our  salt-pans,  the  water  may  be  endrely  removed  and  the  salt 
procured  of  tne  weight  originally  employed  and  possessed  of  its  original 
properties. 

In  D006  of  these  cases  has  any  chemical  action  taken  place,  or  any 
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permanent  change  been  prodaced,  upon  any  of  the  tubstances*    The  two 
former  were  merely  mixtures. 

In  all  cases  ofcliemical  action  a  permanent  change  takes  place  in  some 
of  the  substances  employed ;  and  this  change  is  the  result  either  of  a  chem- 
ical combination^  or  of  a  chemical  decomposition. 

Thus  when  sulphur  is  burned  in  the  air,  it  is  converted  into  white  va- 
pours possessed  of  a  powerful  and  very  unpleasant  odour,  and  which 
continue  to  be  given  off  until  the  whole  of  the  sulphur  is  dissipated.^ 

Here  a  solid  substance  is  permanently  changed  into  noxious  vapours 
which  disappear  in  the  air,  and  this  change  is  caused  by  the  combination 
of  the  sulphur  with  the  oxygen  of  the  atmosphere* 

In  like  manner  when  limestone  is  put  into  a  kiln  and  strongly  heated 
or  burned,  it  is  changed  or  converted  into  quicklime— a  substance  very 
different  in  its  properties  from  the  natural  limestone  employed.  But 
his  is  a  case  of  chemical  decomposition.  The  limestone  consists  of 
lime  and  carbonic  acid.  By  the  heal  these  are  separated,  the  latter  is 
driven  off  and  the  former  remains  in  the  kiln. 

Again,  when  a  jet  of  hydrogen  gas  is  kindled  in  the  air  or  in  oxygen 
gas,  it  burns  whh  a  pale  yellow  name.  If  a  cold  vessel  be  held  over 
this  flame,  it  speedily  becomes  bedewed  with  moisture,  and  drops  of  wa- 
ter collect  upon  it.  How  remarkable  the  change  which  hydrogen  un- 
dergoes during  this  combustion!  It  unites  with  the  oxygen  of  the 
atmosphere  and  forms  water.  How  different  in  its  pro])eriies  is  this 
water  from  either  the  oxygen  or  the  hydrogen  by  the  tinion  of  which  it  is 
formed!  The  former  a  liquid,  the  latter  gases;  the  former  an  enemy 
to  all  combustion,  while  of  the  latter,  the  one  (hydrogen)  burns  readily, 
the  other  (oxygen)  is  the  very  life  and  support  of  combustion  in  all  oth- 
er bodies. 

1°.  It  appears,  therefore,  that  chemical  combination  or  decomposition 
is  alwavs  attended  by  a  permanent  change. 

2®.  'fhat  when  combination  takes  place,  a  new  substance  is  formed 
difiering  in  its  properties  from  any  of  those  from  which  it  was  produced, 
or  of  which  it  consists. 

When  two  or  more  elementary  bodies  thus  unite  together  to  form  a 
new  substance,  this  new  substance  -is  called  a  chemical  comjHmnd* 
Thus  water  is  a  compound  (not  a  mixture)  of  the  two  elementary  bodies 
oxvffen  and  hydrogen. 

Now  when  such  combination  takes  place,  it  is  found  to  do  so  always 
in  accordance  with  certain  fixed  laws.     Thus : 

I.  Bodies  u aite  together  only  in  coneiant  and  definite proportians.  We 
can  mix  together  oxygen  and  hydrogen  gases,  for  example,  in  any  pro- 
portion, a  gallon  of  the  one  with  any  number  of  gallons  of  the  other,  but 
if  we  burn  two  gallons  of  hydrogen  gas  in  any  greater  number  of  gallons 
of  oxygen,  they  will  only  consume  or  unite  with  one  gallon  of  the  oxy- 
gen, the  rest  of  this  gas  remaioin^;  unchanged.  A  quantity  of  water  wiU 
be  formed  by  this  nnion,  in  which  the  whole  of  tne  hydrogen  will  be 
contained,  combined  with  all  the  oxygen  that  has  disappeared.  Under 
no  circumstances  can  we  bum  hydrogen  so  as  to  cause  it  to  consume 
more  oxygen,  or  from  a  given  weight  of  hydrogen  to  produce  more  than' 
a  known  weiffht  of  water.  And  aa  oxygen  is  nearly  sixteen  times 
heayier  than  nitrogen,  it  is  obvions  that  one  gallon  of  the  former  is  about 
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eight  times  heavier  than  two  gallons  of  the  latter,  so  that  hy  weii^ht  these 
two  gases,  when  thus  burned,  unite  together  nearly  in  the  proportion 
of  1  to  8,— one  pound  of  hydrogen  forming  nine  pounds  of  water. 

Again,  when  pure  carbon  is  burned  in  the  air,  it  unites  with  a  fixed 
and  constant  weight  of  oxygen  to  form  carbonic  acid ;  it  never  unites 
.  with  more,  and  it  does  not  form  carbonic  acid  when  it  unites  with  leas. 

Now  this  law  of  filed  and  definite  proportions  is  found  to  hold  in  re- 
gard to  all  bodies,  and  in  all  cases  of  chemical  combination.    Thus  we 
iiave  seen  that— 
Bj  weight  By  weigbt 

1  of  hydrogen  combines  witn  8  of  oxygen  to  form  water. 

So  6  of  carbon  combine ...     8 carbonic  oxide, 

and  14  of  liitrogen 8 nitrous  oxide. 

Hence  1  of  hydrogen,  6  of  carbon,  and  14  of  nitroeen  unite  respec- 
tively with  the  weight  (8)  of  oxygen.  These  several  numbers,  there- 
fore, are  said  to  be  equivalent  to  each  other  (they  are  equivcdent  numbers). 
Or  they  represent  the  fixed  and  definite  proportions  io  which  these  seve- 
ral sulistances  combine  together  (they  are  definite propcrtionaU),  Some 
chemists  consider  these  numbers  to  represent  the  relative  weights  of  the 
atones  or  smallest  particles  of  which  the  several  substances  are  made  up, 
and  hence  not  unfrequently  speak  of  them  as  the  atomic  weighti  of  these 
substances,  or  more  shortly  their  atoms. 

For  the  sake  of  brevity,  it  is  often  useful  to  represent  the  sunple  or 
elementary  bodies  shortly  by  the  initial  letter  of  their  names.  Thus 
hydrogen  is  represented  by  H,  carbon  by  C,  and  nitrogen  by  N,  and 
these  letters  are  used  to  denote  not  only  the  substances  themselves,  but 
that  quantity  which  is  reoognised  as  its  equivalent,  proportional,  or 
€Uomic  weignL    Thus : 

BqolTdent 
SjmboL         or  aiomlo  Mams. 

wdghu. 

H  denotes  1  by  weight,  of  hydrogen. 

C.     .     •    6 carbon. 

O.     •     .    8  .     .     •    •    •    oxygen. 

N.     .    ^  14* nitrogen. 

Chemical  combinalion  is  expressed  shortly  by  placing  these  letters  in 
Jnxta-position,  or  sometimes  in  brackets,  with  the  sign  plus  (+)  between 
them.  Thus  H  O  or  (H  -h  O)  denotes  the  combination  of  one  atom  or 
eqtitvalent  of  hydrogen  with  one  of  oxygen,  that  is,  water;  and  at  the 
same  time  a  weight  of  water  (9),  equal  to  the  sum  of  the  atomic  weights 
(1  -|-  8)  of  hydrogen  and  nitrogen. 

A  number  prefixed  or  appended  to  a  symbol,  denotes  that  so  many 
equivalents  of  the  substance  represented  by  the  symbol  are  meant,  as 
that  number  expresses.  Thus  2  H  O,  3  H  O,  or  3  (H  +  O),  mean  two 
or  three  equivalents  of  water,  3  H,  or  H,  three  equivalents  of  hydrogen, 
and  4  C  or  €4,  2  N  or  N,,  four  of  carbon  and  two  ^f  nitrogen  respec- 
tively. 
« II.  Not  only  are  the  quawdties  of  the  substances  which  unite  together 
definite  and  constant,  but  the  properties  or  qualities  of  the  substances 
formed  are  in  general  equally  so.    The  properties  of  pure  water  or  o^ 

*  Mors  eomctlar  1, 613, 8-013,  and  14 19. 
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carbonic  acid'are  coostant  and  invariable  under  whatever  circnmstancea 
they  may  be  formdd,  and  the  elements  of  which  they  consist,  when  they 
combine  together  in  the  same  proportions,  are  never  known  to  form  any 
other  compounds  but  water  and  carbonic  acid. 

This  law,  however,  though  generally,  is  not  universally  true.  Many 
substances  are  known  whicn  contain  the  same  elements  united  together 
in  the  same  proportions,  and  which,  nevertheless,  possess  very  diSerent 
properties.  Oil  of  turpentine  and  oil  of  lemons  are  in  this  condition. 
They  both  consist  of  the  same  elements,  carbon  and  hydrogen,  united 
together  in  the  same  proportions,  and  yet  their  sensible  properties  as  well 
as  their  chemical  relations*  are  very  dissimilar. 

Cane  sugar,  starch,  and  gum,  all  of  them  abundant  products  of  the 
vegetable  kingdom,  consist  also  of  the  same  elements,  carbon,  hydro- 
gen, and  oxygen,  united  together  in  the  same  proportions,  and  may  even 
be  represented  by  the  same  formula  (C|a  Hiq  O,o),t  and  yet  these 
enhstances  are  as  unlike  to  each  other  in  their  properties,  as  niany 
bodies  are  of  which  the  chemical  composition  is  very  different.  To 
compounds  thus  differing  in  their  properties,  and  yet  containing  the 
same  elements,  in  the  same  proportions,  chemists  have  given  the  name 
df  Isomeric  bodies.  I  shall  have  occasion  to  make  you  more  familiar 
■with  some  of  them  hereafter. 

'  3^.  Another  important  law  by  which  chemical  combinations  are 
regulated,  is  known  by  the  name- of  the  law  of  multiple  proportions. 
Some  substances  are  observed  to  be  capable  of  uniting  together  in  more 
than  one  proportion.  Thus  carbon  unites  with  oxygen  m  several  pro* 
portions,  forming  carbonic  oxide,  carbonic  acid,  oxalic  acid,  ice.  Now 
when  such  is  the  case,  it  is  found  that  the  quantity  (the  weight)  of  each 
substance  which  enters  into  the  several  compounds,  if  not  actually  re- 
presented by  the  equivalent  number  or  atomic  weight,  is  represented  by 
some  simple  multiple  of  that  number.  Thus  two  equivalents  of  carbon 
unite  with  2,  3,  or  4  equivalents  of  oxygen,  to  form  carbonic  oxide, 
oxalic  acid,  and  carbonic  acid  respectively, — while  one  of  nitrogen  unites 
with  1,  2,  3,  4,  or  6  of  oxygen  to  form  a  series  of  compounds,  of  which 
the  last  (N  O5),  nitric  acid,  is  the  only  one  I  shall  have  frequent  occa- 
sion to  speak  of  in  the  present  lectures. 

This  law  of  multiple  proportions,  though  of  great  importance  in 
chemical  theory,  I  do  not  further  illustrate,  as  we  shall  have  very  little 
occasion  to  refer  to  it  in  the  discussion  of  the  several  topics  which  will 
hereafter  come  before  us. 


^  Having  thus  briefly  explained  the  nature  and  laws  of  chemical  com- 
bination, I  proceed  to  make  you  acquainted  with  those  chemical  com- 
pounds of  the  organic  elements  which  are  known  or  are  supposed  to 
minister  to  the  growth  of  plants. 

The  number  of  compounds  which  the  four  organic  elements  form 
with  each  other  is  almost  endless ;  but  of  ihiB  number  a  very  few  only 

'  Br  (he  cbamical  relationi  of  a  tolMCaiice  are  meMt  tbe  «lfeels  which  an  producvl 
upon  it  bj  eoDtaet  with  other  ehamieai  aubatancaa. 

t  Thiaybmmla  meaoa  that  atareh,  cam,  and  sqfar,  coiuM  of  12  eqalTalaots  of  < 
BBitad  Co  10  of  hjdragan  and  10  of  oxygen. 
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are  known  to  minister  directly  to  the  growth  or  nouriahment  of  plants. 
Of  these,  water,  carbonic  acid,  ammoflia,  and  nitric  acid,  are  tiie  most 
imisoriaot ;  but  it  will  be  neceesary  ebonly  to  advert  to  a  few  others,  of 
the  occurrence  or  production  or  action  of  which  we  may  hereafter  hav« 
occasion  to  9peak. 

§  6.  Of  water  and  iU  relations  to  vegetable  life. 

Water  Is  a  compound  of  oxygen  and  hydrogen  in  the  proportion,  as 
already  stated,  of  8  of  the  former  to  1  of  the  latter  by  weight,  or  of  1 
volume  of  oxygen  to  2  of  hydrogen. 

U  is  more  universally  dllfused  throughout  nature  than  any  other 
chemical  compound  with  which  we  are  acquainted,  performs  most  im- 
portant functions  in  reference  to  animal  and  vegetable  life,  and  is  en* 
dowed  with  properties  by  which  it  is  wouderfuliy  adapted  to  the  exist- 
ing condition  of  things. 

We  are  familiar  with  this  substance  in  three  several  states  of  cohe- 
sion,— in  the  solid  form  as  ice,  in  the  fluid  as  water,  and  in  the  gaseous 
as  steam.  At  32°  F.  and  at  lower  temperatures,  it  continues  solid,  at 
higher  temperatures  it  melts  and  forms  a  liquid  (water),  which  a 
31*2°  F.  begins  to  boil  and  is  converted  into  steam.  By  this  change  its 
bulk  is  increased  1700  tiroes,  and  it  becomes  nearly  two-fifths  lighter 
than  common  air,  [common  air  being  1,  steam  is  0*62. j  It  therefore 
readily  rises  into  and  difluses  itself  through  the  atmosphere. 

I.  There  are  only  one  or  two  circumstances  in  which  water  in  tne  solid 
form  materially  anects  or  interferes  with  the  labours  of  the  agriculturist. 

1°.  During  the  frost  of  a  severe  winter,  the  soil  contracts  and  appears 
to  shrink  in.  But  the  water  contained  in  its  pores  freezes  and  expands, 
and  the  minute  crystals  of  ice  thus  formed  separate  the  particles  of  the 
soil  from  each  other.  This  expansion  of  the  water  in  dry  soils  may  not 
be  equal  to  the  natural  contraction  of  the  soil  itself,  yet  still  it  is  suffi- 
cient to  cause  a  considerable  separation  of  the  earthy  particles  through- 
out the  whole  frozen  mass.  When  a  milder  temperature  returns,  and  a 
thaw  commences,  the  soil  expands  and  gradually  returns  to  its  former 
bulk ;  but  the  outer  layers  thaw  first,  and  the  particles  being  previously 
separated  by  the  crystals  of  ice,  and  now  loosened  by  the  thaw,  fall  off 
or  crumble  down,  and  thus  the  soil  becomes  exposed  to  the  mellowing 
action  of  the  atmosphere,  wliich  is  enabled  everywhere  to  pervade  ir. 
On  heavy  clay  land  this  efifect  of  the  wuiter's  Uost  not  unfrequently 
proves  very  beneficial.* 

2°.  In  the  form  of  snow  it  has  been  often  supposed  to  be  beneficial  to 
winter  wheat  and  other  crops.  That  a  heavy  fall  of  snow  will  shelter 
and  protect  the  soil  and  crop  from  the  destructive  effects  of  any  severe 
cold  which  may  follow,  there  can  be  no  doubt.  It  forms  a  light  })orou8 
covering,  by  wnich  the  escape  of  heat  from  the  soil  is  almost  entirely 
prevented.  It  defends  the  young  shoots  also  from  those  aliernatiuns  of 
temperature  to  which  the  periodical  return  of  the  sun's  rays  continually 

*  This  alteniBte  eontractlcii  and  expuMfon  la  often  Injurioag  to  th«  practical  fanner  ia 
tkrmcing  out  his  winter  wheat.  Some  varieUea  are  mid  to  tM  more  thrown  out  than  oihen, 
and  Oils  pecQliarttT  la  aomedmea  aecrttied  to  the  iooger  and  stronger  roota  which  shoot  from 
one  Tarietj  than  Irom  another ;  it  may,  however,  be  ocfsrtonstly  owtng  to  the  diferem  n». 
tare  of  Uie  soils  in  which  the  triala  have  bean  aude,  or  wiieii,  iatiMmnesoU,  lo  tiM  diflbiw 
•nt  statea  of  ^ryaaM  at  different  times. 
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exposes  them  ;*  and  wbdD  a  thaw  arrives,  by  slowly  melting,  it  allows 
the  tender  herbage  gradaally  to  accustom  Itself  to  the  milder  atmosphere. 

In  this  manner  there  is  no  doubt  that  a  fail  of  snow  may  oAen  be  of 
great  service  to  the  practical  farmer.  But  some  believe  that  winter 
M-heat  actually  thnces  under  snow.  On  this  point  I  cannot  speak  from 
personal  knowledge,  but  I  wiit  here  mention  two  facts  concerning  snow, 
which  nu^  possibly  be  connected  wkh  its  supposed  nourishing  quality. 

In  the  drst  place,  snow  generally  contains  a  certain  quantity  of  ammo- 
nia, or  of  animal  matter  which  gives  off  ammonia  during  its  deca^. 
This  quantity  is  vanable,  and  is  occasionally  so  small  as  to  be  very  dif- 
ficult of  detection.  Liebig  found  it  in  the  snow  of  the  neighbourhood  of 
Giesseu,  and  I  have  this  winter  detected  traces  of  it  in  the  snow  which 
fell  in  Durhamf  during  two  separate  storms.  This  ammonia  is  present 
in  greater  quantity  in  the  first  portions  that  fall  and  lie  nearest  the  plant. 
Hence  if  the  plant  can  grow  beneath  the  snow,  thuf  ammonia  may  afiect 
its  growth ;  or  when  the  first  thaw  comes  it  may  descend  to  the  root,  and 
may  there  be  imbibed.  Bain  water  also  contains  ammonia,  but  when 
rain  falls  in  large  quantity  it  runs  off  the  land,  and  may  do  less  good  than 
the  snow,  whiok  lies  and  melts  gradually.  [For  the  properties  of  am* 
monia,  see  Lecture  ill.] 

Another  singular  property  of  snow  is  the  power  it  possesses  of  ab- 
sorbing oxygen  and  nitrogen  from  the  atmosphere,  in  proportions  very 
difierent  from  those  in  which  they  exist  in  the  air.  The  atmosphere,  as 
already  stated,  contains  21  percent,  of  oxygen  by  volume  (or  bulk),  but 
the  air  which  is  present  in  the  pores  of  snow  has  been  found  by  various 
observers  to  contain  a  much  smaller  quantity.  Boussingault  [Annalen 
der  Physick  (Poggendorf),  xxxiv.,  p.  211,]  obtained  from  air  disengaged 
by  melting  snow  17  per  cent,  of  oxygen  only,  and  Be  Saussure  found 
sdll  less.  The  di0iculty  of  respiration  experienced  on  very  high  moun- 
tains has  been  attributed  to  the  nature  of  the  air  liberated  from  snow 
when  melted  by  the  sun's  rays.  Whether  the  air  retained  among  the 
pores  of  the  snow,  which  in  severe  winters  covers  o':t  corn-fields,  be 
equally  deficient  in  oxygen  with  that  examined  by  Boussingault,  and 
whether,  if  it  be,  the  abundance  of  nitrogen  can  at  all  affect  vegetation, 
are  matters  that  still  remain  undetermined. 

II.  In  the  fluid  state,  that  of  water,  the  agency  of  this  compound  in 
reference  to  vegetable  life,  though  occasionaliy  obscure,  is  yet  every- 
where disceruible. 

Pure  water  is  a  colourless  transparent  fluid,  destitute  of  either  taste  or 

*  The  effects  of  saoh  aUemationa  are  aeea  on  the  ocourrence  of  a  night'e  firoat  In  aprlof. 
If  the  sod's  rays  fall  In  the  early  morning,  on  a  frozen  shoot,  it  droops,  withers,  and  Mack-  - 
eos*-lt  fs  destroyed  by  the  frosL  If  the  plant  be  in  a  shaded  spot,  where  the  sun  does  noc 
reach  ft  till  after  the  whole  atmosphere  has  been  gradually  heated,  and  the  frozen  tissue 
slowly  thawed,  its  leaves  sustain  little  injury,  and  the  warmth  of  the  sun's  rays,  instead  of 
Injanng.  cherish  and  invigorate  it.  This  effect  of  tudden  ailemations  of  temperature  on  op> 
fanic  matter  explains  many  phenomena,  to  which  it  would  here  be  out  of  place  to  advert. 

A  thicli  light  covering  or  porous  earth  not  beaten  down  preserves  the  poiatoe  pit  from  iha 
effbefs  of  the  frost  beuer  than  a  solid  compact  coating  of  clay,  in  the  same  way  as  snow 
protects  the  herbage  better  than  a  sheet  or  Ice;  ao4  it  la  because  of  the  porosity  of  the 
covering,  that  ice  may  be  preserved  more  effectually,  and  for  a  longer  period,  in  a  similar 
pit, than  in  many  wellconsiructed  ice-houses. 

t  By  adding  two  drops  of  sulphuric  acid  to  foor  pints  of  snow  water,  evaporating  to  dry* 

Baas,  and  mixing  the  dry  mass  with  quicklime  or  caustic  potash.    The  residual -^ 

tained  a  bromn  oiganic  matter,  mixed  with  the  wilphate  or  ammonia. 


smell.  It  enCen  laigely  into  the  coDttttution  of  all  livhig  anitnaU  and 
plaots,  and  forms  upwards  of  one  half  of  the  weight  of  all  the  Dewly 
gathered  vesetable  substances  we  are  in  the  habit  of  cultivating  or  col* 
lectiag  for  the  use  of  man.     [See  page  30.} 

Not  only  does  it  enter  thus  largely  into  the  constitution  of  all  ani- 
mals and  plants,  but  in  the  existing  economy  of  nature  its  presence  in 
large  quantities  is  absolutely  necessary  to  the  persistence  of  animal  and 
vegetable  life.  In  the  midst  of  abundant  springs  and  showers,  plants 
shoot  forth  with  an  amazing  rapidity,  while  they  wither,  droop,  and  die, 
when  water  is  withheld.     How  much  the  manifestation  of  Hfe  is  de- 

Eendent  upon  its  presence,  is  beautifully  illustrated  by  some  of  the  hom- 
ier tribes  of  plants.  Certain  mosses  can  be  kept  long  in  the  herbarium, 
and  yet  will  revive  again  when  the  dried  specimens  are  immersed  in 
water.  At  Manilla  a  species  of  Lycopodium  grows  upon  the  rocks, 
which,  though  kept  for  years  in  a  dried  state,  revives  and  expands  its 
foliage  when  placed  in  water  [the  Spaniards  call  it  Triste  de  Corazon* 
Sorrow  of  the  Heart. — BumeVs  Wanderings^  p.  72.]  Thus  Hfe  lingers 
as  it  were,  unwilling  to  depart  and  rejoicing  to  display  itself  again,  When 
the  moisture  returns.* 

There  are,  however,  three  special  properties  of  water,  which  are  in 
a  high  degree  interesting  and  important  to  the  practical  agricultarist, 
and  to  which  I  beg  to  direct  your  particular  attention.    These  are: 

1°.  Its  solvent  power; 

2^.  Its  aifinity  fur  certain  solid  substances ;  and, 

3^.  The  degree  of  affinity  by  which  its  own  elements  are  held  to- 
gether. 

1°.  When  pure  boiled  water  is  exposed  to  the  air,  it  gradually  ab* 
sorbs  a  quantity  of  the  several  gases  of -which  the  atmosphere  is  com- 
posed, and  acquires  more  or  less  of  a  sparkling  appearance  and  an  agree- 
able taste.  The  air  which  it  thus  absorbs  amounts  to  about  ^th  of  its 
own  bulk,  and  is  entirely  expelled  by  boiling.  When  thus  expelled, 
this  air,  like  that  obtained  from  snow,  is  found  on  examination  to  contaia 
the  oxygen,  nitrogen,  and  carbonic  acid  in  proportions  very  different  from 
those  \n  which  they  exist  in  the  atmosphere.  In  the  latter,  oxygen  is 
present  to  the  amount  of  only  21  per  ceut.  by  volume,  while  the  air  ab- 
sorbed by  water  contains  30  to  32  per  cent,  of  the  same  gas.  In  like 
manner,  the  mean  quantity  of  carbonic  acid  in  the  air  does  not  exceed 
YTTinri^  parts  (0*05  per  cent.)  of  its  bulk,  while  that  expelled  from  water, 
which  has  been  long  exposed  to  the  air,  varies  from  11  to  60  ten  thou- 
sand parts  (0-11  to  0*6f  per  cent.) 

*  In  tome  speclca  of  wimab,  life  la  in  like  manner  Bospended  by  the  absence  of  water. 
The  inhabitants  of  aome  land  and  even  marine  sheila  may  be  dried  and  preserved  for  a  long 
time  in  a  state  of  torpor,  and  afterwards  revived  by  immersion  in  water.  The  Cerithium 
Armatum  has  been  brouclit  from  the  Mauritius  in  a  dry  state,  while  snails  are  said  to  have 
been  revived  after  belna  dried  for  15  years.  The  v&n-io  tritiei  (a  species  of  worm),  was  re- 
■tored  by  Mr.  Bauer,  after  an  apparent  death  of  nearly  sIj(  yeairs,  by  merely  soalciniK  it  in 
water.  The  FurciUaria  Anaatobea^  a  small  microscopic  animal,  may  be  made  to  undergo 
apparent  death  and  resaseitation  many  times,  by  alternate  drying  and  moistening.  Accord* 
ing  to  Bpallanzani,  animalcati  have  been  recovered  bv  moisture,  after  a  torpor  of  27  yean. 
These  fsos  tend  to  lessen  our  surprise  at  the  alleged  longevity  of  the  aeeds  of  plants. 

t  Of  these  gases  when  unmixed,  water  absorbs  verv  different  noaatitiea.  Thus  100  td> 
lomea  of  water  at  60^  P.,  absoi1>3-66  of  oxygen,  1-68  of  hydrogen,  I -47  of  nitrogen,  CAmryj 
106  of  eaibonle  aeld,  or  7800  of  ammonia. 
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Tliot  when  water  Ailhi  in  rain  or  trickles  along  the  surface  of  the 
land,  it  absorbslhese  gaseous  substances,  carries  them  with  it  wherever 
it  gqps,  conveys  them  to  the  roots,  and  into  the  circulation  of  plants,  and 
thus,  as  we  shall  hereafter  see,  makes  them  all  minister  to  the  growth 
and  nourishment  of  living  vegetahles. 

Again,  water  possesses  the  power  of  dissolving  many  solid  substances. 
If  so^ar  or  salt  be  mixed  with  water  in  certain  quantities,  they 
speedily  disappear.  In  like  manner,  man^  other  bodies,  both  simple 
and  compound,  are  taken  op  by  this  liquid  in  greater  or  less  quan- 
tity, and  can  only  be  recovered  by  driving  offiiip  water,  through  the  aid 
of  heat.  ^ 

Thus  it  happens  that  the  water  of  our  springs  and  rivers  is  never 
pore,  but  holds  in  solution  more  or  less  of  certain  solid  substances. 
Even  rain  water,  washing  and  purifyinff  the  atmosphere  as  it  descends, 
brings  down  portions  of  sohd  matter  which  bad  previously  risen  into  the 
air  in  the  form  of  vapour,  and  as  it  afterwards  flows  along  or  sinks  into 
the  surface  of  the  soil,  it  meets  with  and  dissolves  other  solid  substances, 
the  greater  portion  of  which  it  carries  with  it  wherever  it  enters.  In 
this  way  solid  substances  are  conveyed  to  the  roots  of  plants  in  a  fluid 
form,  which  enables  them  to  ascend  with  the  sap ;  and  the  supply  of 
these  naturally  solid  substances  is  constantly  renewed,  by  the  succes- 
sive passage  of  new  portions  of  flowing  water.  We  shall  hereafter  be 
able  to  see  more  clearly  and  to  appreciate  more  justly  this  beautiful  ar- 
rangement of  nature,  as  well  as  to  understand  how  indispensable  it  is  to 
the  continued  fertility  of  the  soil. 

Nor  is  it  merely  earthy  and  saline  substances  which  the  water  dis- 
solves, as  it  thus  percolates  through  the  soil.  It  takes  up  also  sub- 
stances of  organic  origin,  especially  portions  of  decayed  animal  and  ve- 
getable matter,— such  as  are  supposed  to  be  ca|)pble  of  ministering  to 
the  growth  of  plants,— and  brings  them  within  reach  of  the  roots. 

This  solvent  power  of  water  over  solid  substances  is  increased  by  an 
elevation  of  temperature.  Warm  water,  for  example,  will  dissolve 
Epsom  salts  or  oxalic  acid  in  much  larger  quantity  than  co|d  water 
will,  and  the  same  is  true  of  nearly  all  solid  substances  which  this  fluid 
18  capable  of  holding  in  solution.  To  this  increased  solvent  power  of 
'  the  water  they  absorb,  is  ascribed,  among  other  causes,  the  peculiar 
character  of  the  vegetable  productions,  as  well  as  their  extraordinary 
luxuriance,  in  many  tropical  countries. 

29,  But  the  affinity  which  water  exhibits  for  many  solid  substances  is 
little  less  important  and  remarkable. 

When  newly  burned  lime  19  thrown  into  a  limited  quantity  of  water 
the  hitter  is  absorbed,  while  the  lime  heats,  cracks,  swells,  and  finally 
fiiUs  to  a  white  powder.  When  thus  perfectly  slaked,  it  is  found  to  be 
one-third  heavier  than  before— every  three  tons  having  absorbed  one 
ton  of  water.  This  water  is  retained  in  a  solid  form,  more  solid  than 
water  is  when  in  the  state  of  ice,  and  it  cannot  be  entirely  separated 
from  the  lime  without  the  application  of  a  red  heat.  When  ^ou  lay 
upon  your  land,  therefore,  four  tons  of  slaked  lime,  you  mix  with  your 
soil  one  ton  of  w^er,  which  the  lime  afterwards  gradually  gives  up, 
either  in  whole  or  in  part,  as  it  combines  with  other  substances.  To 
this  fkct  WQ  shall  return  when  we  hereafter  consider  the  various  ways 


in  which  lime  actg,  when  it  ib  eiaployoj  by  tbo  fluvier  for  the  iwrpon 
of  improving  bis  land.  [See  the  subeeq^iem  lecture^  **  0»  (jb«  aetUm  of 
lime  when  employed  as  a  fiuifmr<."} 

For  clay  aUo,  water  haa  a  eonsiaerable  af^Dity.  though  by  oo  meaiM 
equal  to  that  which  it  displays  tor  quicklime.  HeBce,  even  in  well- 
drained  clay  lands,  the  hottest  summer  does  not  entirely  roh  the  clay  of 
its  water.  It  cracks,  coDtracts,  mad  becomes  hacd,  yet  still  retaioa 
water  enough  to  keep  its  wheat  crops  green  and  floiMrishiDgr  when  the 
herbage  on  lighter  soils  is  drooping  or  burned  up* 

A  similar  affinUy  for  water  is  one  source  of  the  advantBgee  which  are 
known  to  follow  from  the  admixture  of  a  certain  amount  of  vegetable 
matter  with, the  soil;  though,  as  in  the  ease  of  charcoal,  its  porosity* 
is  probably  more  influential  in  retaining  moisture  near  the  mots  of 
the  planis.f 

3*^.  The  dejBpree  of  affinity  b^  which  the  elements  of  water  are  held 
together,  exercises  a  material  mfUience  on  the  growth  and  production 
of  all  vegetable  substances. 

If  I  bum  a  jet  of  hydroffen  gas  in^  the  air,  v?at€r  U  formed  b^r  the 
union  of  the  hydrogen  with  the  oxygen  of  the  atmosphere,  for  which  it 
manifests  on  many  occasions  an  apparently  powerful  affinity.  Bat  if 
into  a  vessel  of  water  I  put  a  piece  of  iron  or  zinc  and  then  add  sulphuric 
acid,  the  water  is  decompoeed  and  the  hydr()gen  set  free,  while  the 
metal  combines  with  the  oxygen. 

So  in  the  interior  of  plants  and  animals,  water  undergoes  continual 
cffcomposition  and  recomposition.  In  its  fluid  state,  it  finds  its  way 
and  exists  in  every  vessel  and  in  every  tissue.  And  so  slight,  it  would 
appear,  in  such  situations,  is  the  hold  which  lis  elements  have  upon 
each  other— or  so  strong  their  tendency  to  combine  with  other  substan- 
ces, that  they  are  ready  to  separate  from  each  other  at  every  impulse— 
yielding  now  oxygen  to  one,  and  now  hydrogen  to  another,  as  the  pre- 
duction  of  the  several  compounds  which  each  organ  is  destined  to  elab- 
orate respectively  demands.  Yet  with  the  same  readiness  do  they 
again  re-attach  themselves  and  cling  together,  when  new  metamorphoses 
require  it.  It  is  in  the  form  of  water,  indeed,  that  nature  introduces 
the  greater  portion  of  the  oxygen  and  hydroeen  which  perform  so  im- 
portant a  part  in  the  numerous  and  diversified  changes  which  take  plaoe 
in  the  interior  of  plants  and  animals.  Few  things  are  really  more  won- 
derful  in  chemical  physiology,  than  the  vast  variety  of  transmutaliooa 
which  are  continucdly  going  on,  through  the  agency  of  the  elements  of 
water. 

III.  In  the  state  of  vapour  water  ministers  most  materially  to  the 
life  and  growth  of  plants.  It  not  only  rises  into  the  air  at  212^  Fahr. 
when  it  begins  to  boil,  but  it  disappears  or  evaporates  from  open  vessels 
at  almost  every  temperature,  with  a  rapidity  proportioned  to  the  previ* 
ous  dryness  of'^ibe  air,  and  to  the  velocity  and  temperature  of  the  at- 
mospheric currents  which  pass  over  it.    Even  ice  and  snow  are  grad« 

*  Affinity  for  water  canset  vegetable  matter  to  combine  chemicaQy  with  it,  ponmtff  oansss 
It  merely  to  drink  In  the  water  meehanicalljr,  and  to  retain  it,  usiehangedf  in  lu  pores. 

t  For  an  ezpoaitlon  of  the  intimate  relaUon  of  water  to  (he  chemical  conatitntion  of  the 
■olid  perta  of  Urlnir  ▼ecetablee,  aee  a  sobeeqoent  I.eetnre,  **Omthe  nature  and  prodnctiom 
^  a$  nOttancm  qf  Wdk  plmnl»  dd^  wtmUt» 
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mHj  diMipatecl  in  the  coldest  weather,  and  tometiiBes  with  a  degree 
af  velocity  which  at  first  sight  seems  truly  surprisiDg.* 

It  thus  happens  that  the  atoioephere  is  constantly  impregnated  with 
watery  vapour,  which  in  this  easeous  state  accompanies  the  air  where- 
over  it  penetrates,  permeates  toe  soil,  pervades  the  leaves  and  pores  of 
plants,  and-^iins  admission  to  the  lungs  and  general  vascular  system  of 
animals.  We  cannot  appreciate  the  influence  which,  in  this  highly 
eommiouted  form,  water  exercises  over  the  general  economy  of  organio 
namre. 

But  it  is  chiefly  when  it  assnmes  the  form  of  rain  and  dew,  and  re- 
descends  to  the  earth,  that  the  benefits  arising  from  a  previous  conversion 
of  the  water  into  vapour  become  distinctly  appreciable.  The  quantity 
of  vapour  which  the  air  is  capable  of  holding  m  suspension  is  depend- 
ent upon  its  temperature.  At  high  temperatures,  in  warm  climates,  or 
in  warm  weather,  it  can  sustain  more*— at  low  temperatures  less* 
Hence  when  a  current  of  comparatively  warm  air  loaded  with  moisture 
ascends  to  or  comes  in  contact  with  a  cold  mountain  top,  it  is  cooled 
down,  is  rendered  incapable  of  holding  the  whole  of  the  vapour  in  sus- 
pension, and  therefore  leaves  behind  in  the  form  of  a  mist  or  cloud,  a 
portion  of  its  watery  burden.  In  rills  subsequently,  or  springs,  the 
aqueous  particles  which  float  in  the  midst,  re-appear  on  the  plains  be- 
neath, bringing  nourishmentf  at  once,  and  agreateful  relief  to  the  thirsty 
soil. 

So  when  two  currents  of  air  charged  with  moiscure,  but  of  unequal 
temperature,  meet  in  the  atmosphere,  they  mix,  and  the  mixture  has 
the  mean  temperature  of  the  two  currents.  But  air  of  this  mean  tem- 
perature is  incapable  of  holding  in  suspension  the  mean  quantity  of  wa- 
tery vapour ;  hence,  as  before,  a  cloud  is  formed,  and  the  excess  of 
moisture  falls  to  the  earth  in  the  form  of  rain.  In  descending  to  refresh 
the  earth,  this  rain  discharges  in  its  progress  another  office.  It  washes 
the  air  as  it  passes  through  it,  dissolving  and  carrying  those  accidental 
vapours  which,  though  unwholesome  to  man,  are  yet  fitted  to  minister 
to  the  growth  of  plants. 

The  dew,  celebrated  through  all  times  and  in  every  ton^e  for  its  sweet 
influence,  presents  the  most  beautiful  and  strikini^  illustration  of  the  agen- 
cy of  water  in  the  economy  of  nature,  and  exhibits  one  of  those  wise  and 
bountiful  adaptations,  by  which  the  whole  system  of  things,  animate  and 
inanimate,  is  fitted  and  bound  together. 

All  bodies  on  the  surface  of  the  earth  radiate,  or  throw  out  rays 
of  heat,  in  straight  lines  every  warmer  body  to  every  colder ;  and  the 
entire  surface  is  itself  continually  sending  rays  upwards  through  the 
elear  air  into  free  space.  Thus  on  the  eanh*s  surface  all  bodies  strive, 
as  it  were,  after  an  equal  temperatuce  (an  equilibrium  of  heat),  while 

*  Mr.  Howard  states  that  a  drcalar  patch  of  snow  6  inches  tn  diameter  lost  in  the  month 
of  Jaonanr  ISO  grains  of  vapoar  hetween  sonaat  and  sunrise,  and  66  nains  more  t>efore  tha 
eiooe  of  tne  day,  when  exposed  to  a  smait  braese  on  a  house-top.  From  an  acre  of  snoar 
this  would  be  equal  to  Km  gallons  of  wafer  doitaf  the  night  only.-^JVom**  Bridgewatet 
JYeaiim,p.  302;  Bneydopcdd.  MUropoLf  art,  Malionlegtf. 

In  Vbn  l¥fange11's  account  of  his  vUt  to  fllberla  and  the  Folar  sea.  translated  by  Majot 
BaMne  Cp.  390),  H  is  stated  that,  in  the  incenae  cold,  not  only  living  bodiea-^bnt  the  very 


r  and  SUs  the  air  with  vapour. 
,  t  For  the  natore  of  thtanoi0iMineR<  see  tbssiih8eqMot.Lectiir9a,**C^<te  1(101^^ 
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the  sarftiee  as  a  whole  tends  gndaally  towards  a  cooler  state.    Bac 

while  the  suo  shines  tlits  cooUnfl:  will  not  take  place,  for  the  earth  then 
receives  in  general  more  heat  than  it  gives  off,  and  if  tlie  clear  sky  be 
shut  out  by  a  canopy  of  clouds,  these  will  arrest  and  again  throw  back 
a  portion  of  the  heat,  and  prevent  it  from  being  so  spe^ily  dissipated. 
At  nighty  then,  when  i he  sun  is  absent,  the  earth  will  cool  the  most ;  on 
clear  nights  aiao  more  than  when  it  is  cloudy,  and  when  cloud*  ooly 
partially  obscure  the  sky,  those  parts  will  become  coolest  which  look  lo*  ' 
wards  the  clearest  |)ortionsof  ihe  heavens. 

Now  when  the  surfkce  cools,  the  air  in  contact  with  it  must  cool  also ; 
and  like  the  warm  currents  on  the  mountain  side,  must  forsake  a  portion 
of  the  watery  vapour  it  has  hithcito  retained.  This  water,  like  the  float- 
ing mist  on  the  hills,  descends  in  particles  almost  infinitely  minute. 
These  particles  collect  on  every  leaflet,  and  suspend  themselvee  from 
every  blade  of  grass,  in  drops  of  "  pearly  dew." 

And  mark  here  a  beautiful  adaptation.  Different  substances  are  en- 
dowed with  the  property  of  radiating  their  heat,  and  of  thus  becoming 
eool  with  difTerent  degrees  of  rapidity,  and  those  substances  which  in 
the  air  become  cool  firsts  also  attract  tirst  and  most  abundantly  the  par- 
ticles of  falling  dew.  Thus  in  the  cool  of  a  summer's  evening  the  grass 
plot  is  wet,  while  the  gravel  walk  is  dry ;  and  the  thirsty  pasture  and  ev- 
ery green  leaf  are  drinking  in  the  descending  moisture,  while  the  naked 
land  and  the  barren  highway  are  still  uncon:K:iou8  of  its  fall. 

How  beautiful  is  the  contrivance  by  which  water  is  thus  evaporated  or 
distilled  as  it  were  into  the  atmosphere— largely  perha{)s  from  some  par- 
ticular spotSf-^^hen  diffusefl  erjuably  through  the  wide  and  restless  air,-« 
and  afterwards  precipitated  again  in  refreshing  showers  or  in  iong-mye- 
lerious  dews!*  But  how  much  more  beautiful  the  contrivance,  I  might 
almost  say  the  instinctive  tendency^  by  which  the  dew  selects  the  objects 
on  which  it  delights  to  fall ;  descending  first  on  every  liviug  plant,  copi- 
ously ministering  to  the  wants  of  each,  and  expending  its  superfluity 
only  on  the  unptioductive  waste. 

And  equally  kind  and  bountiful,  yet  orovident,  is  nature  in  all  her 
operations,  and  through  all  her  works.  Neither  skill  nor  materials  ore 
ever  wasted ;  and  yet  she  ungrudgingly  dispenses  her  favours,  apparent- 
ly without  measure,— and  has  subjected  dead  matter  to  laws  which 
compel  it  to  minister,  and  yet  with  a  most  ready  willingness,  to  the 
wants  and  comforts  of  every  living  thing. 

And  how  unceasingly  does  she  press  this  her  example  not  only  of  un- 
bounded goodness,  but  of  universal  charity— above  all  other  men— od 
the  attention  of  the  tiller  of  the  soil.  l)oes  the  com  spring  more 
freshly  when  scattered  by  a  Proiestaut  hand— are  the  harvests  more 
abundant  on  a  Catholic  soil. — and  does  not  the  sun  shine  alike,  and  the 
dew  descend,  on  the  domains  of  each  political  party  ? 

*  The  beauty  of  this  emtDgemenr  apfiears  more  etrikln^  when  we  consider  that  the  w)iol« 
of  (he  waterj  vapour  in  the  air,  if  it  tell  at  once  in  the  lorm  of  ittln,  would  not  amount  to 
more  than  6  inches  in  depth  on  the  whole  sur&ce  of  the  globe.  In  England  the  fell  of  rata 
varies  from  22  inches  (London,  Yoric,  and  Edinbunfh)  to  68  (Keswlck)ovhile  in  some  few  parts 
of  the  worid  (Sc  Domingo)  it  amounts  (o  as  much  as  160  inches.  The  mean  fell  of  r«i« 
over  the  whole  earth  t^esiiniatcd  at  32  or  33  incites  ;  but  if  we  suppose  it  to  be  only  10  or  15 
inches,  the  water  which  thus  falls  will  renuire  lo  l>e  two  or  three  times  redistilled  in  the  coutmi 
of  evttfy  year.  This  Is  exclosiive  of  Jew;  which  In  many  coontrles  amounla  to  a  veij 
large  quaaUty.>-86«  Proiil's  BridgtwaUr  SVsatMS,  p.  30S. 
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SoflcteDoetfiDin  her  daily  oonvene  with  nature,  fails  not  sooner  or 
later  to  take  her  hoe  and  colour  fh>na  theperceptioo  of  this  universal 
love  and  bounty.  Party  and  sectarian  difierences  dwindle  away  and 
disappear  from  the  eyes  of  him  who  is  daily  occupied  in  the  contempla- 
tion of  the  boundless  munificence  of  the  great  Impartial;  he  sees  him- 
self standing  in  one  common  relation  to  all  his  fellow-men,  and  feek  ^ 
himself  to  l^  most  completely  performing  his  part  in  life,  when  he  is 
able  in  any  way  or  in  any  measure  to  contribute  to  the  general  welfare 
of  all. 

It  is  in  this  sense  too  that  science,  humbly  tracing  the  footsteps  of  the 
Deity  in  all  his  works,  and  from  them  deducing  bis  intelligence  and  his 
universal  goodness— it  is  in  this  sense,  that  science  is  of  no  sect^  and  of 
no  party,  but  is  equally  the  province,  and  the  property,  and  the  friend  of  all. 

§  7.  Cfftke  cM  produced  by  the  evaporatwn  of  watery  and  it$ 
ir^/lucnee  on  vegetation* 

Beautiful,  however,  and  beneficent  as  are  the  provisions  by  which,  in 
nature,  watery  vapour  is  made  to  serve  so  many  useful  purposes,  there 
are  circumstances  in  which,  and  oflen  through  the  neglect  of  man,  the 
presence  of  water  becomes  injurious  to  vegetation. 

The  ascent  of  water,  in  the  form  of  vapour,  permits  tbe  soil  to  dry, 
and  fits  it  for  the  labours  of  the  husbandman ;  while  its  descent  in  dew 
refreshes  the  plant,  exhausted  by  the  beat  and  excitement  of  a  long 
summer's  day.  But  the  same  tendency  to  ascend  in  vapour,  gives  rise 
to  the  cold  unproductive  character  of  lands  in  which  water  is  present  in 
great  excess.  This  character  you  are  familiar  with  in  what  are  called 
a^  day  soils. 

The  epithet  cold,  applied  to  such  soils,  though  derived  probably  from 
DO  theoretical  views,  yet  expresses  very  truly  their  actual  condition. 
The  surface  of  the  fields  in  localities  where  such  lands  exist,  is  in  reality 
less  warm,  throughout  the  year,  than  that  of  fields  of  a  different  quality, 
even  in  their  immediate  neighbourhood.  This  is  readily  proved,  by 
placing  the  bulb  of  a  thermometer  immediately  beneath  the  soil  in  two 
such  fields,  when  in  the  hottest  day  a  marked  difierenoe  of  temperature 
will,  in  general,  be  perceptible.  The  difierence  is  dependent  upon  the 
following  principle  :— 

When  an  open  pan  of  water  is  placed  upon  the  fire,  it  continues  to 
acquire  heat  till  it  reaches  the  temperature  of  212^  F.  It  then  begins  to 
boil,  but  ceases  to  become  hotter.  Steam,  however,  passes  oflT,  ami  the 
water  diminishes  in  quantity.  But  while  the  vessel  remains  upon  the 
fire  the  water  continues  to  receive  heat  from  the  burning  fuel  as  it  did 
before  it  began  to  boil.  But  since,  as  already  stated,  it  becomes  no  hot- 
ter, the  heat  received  from  the  fire  must  be  carried  ofiTby  the  steam. 

Now  this  is  universally  true.  Whenever  water  is  converted  into 
steoMj  the  ascending  vapour  carries  off  much  heat  along  vith  it. 

This  heat  is  not  missed,  or  its  loss  perceived,  when  the  vapour  or 
steam  is  formed  over  a  fire ;  but  let  water  evaporate  in  tbe  open  air 
from  a  stone,  a  leaf,  or  a  field,  and  it  must  take  heat  with  it  from  these 
ol)3ects— and  the  surface  of  the  stone,  the  leaf,  or  the  field,  must  become 
colder.  That  stone  or  leaf  also  must  become  coldest  from  which  the 
largest  quantity  of  vapour  rises. 
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Now,  let  two  adjoining  fields  be  wet  or  moist  in  dfiffefent  degrees,  that 
which  is  wettest  will  almost  at  all  limes  give  offihe  largest  qaantity  of 
vapour,  aad  will  therefore  be  the  coldest.     Let  spring  arrive,  and  the 

Sioial  sua  will  gently  warm  the  earth  on  the  surface  of  the  one,  while 
e  water  in  the  other  will  swallow  up  the  heating  rays,4nd  cause  ihem 
te  re-ascend  in  the  watery  vapour.  Let  summer  come,  and  while  the 
soil  of  the  one  field  rises  at  mid-day  to  perhaps  100°  F.  or  upwards,  that 
of  the  other  may,  in  ordinary  seasons,  rarely  reach  80°  or  90° — ^in  wet 
seasons  may  not  even  attain  to  this  temperature,  and  only  in  long 
droughu  will  derive  the  full  benefit  of  the  solar  rays.  I  shall  hereafter 
vaare  particularly  advert  to  the  imporunt  influence  which  a  high  tempe- 
rature in  the  sml  exercises  over  the  growth  of  plants,  the  functions  of 
their  several  parts,  and  their  power  of  ripening  seeds^as  well  as  to 
certain  beautiful  adaptations  by  which  nature,  when  left  to  herself,  is 
continually  imparting  to  the  sou,  especially  in  northern  latitudes,  those 
qualities  wj^ich  fit  it  for  deriving  the  greatest  possible  benefit  from  the 
presence  of  the  sun*s  rays.  In  the  mean  time  you  are  willing  to  con- 
cede that  warmth  in  the  soil  is  favourable  to  the  success  of  your  agricul- 
taral  purauits.  What,  then,  is  the  cause  of  the  coldness  and  poverty, 
the  fickleness  and  uncertainty  of  produce,  in  land  of  the  kind  now  al- 
luded to  ?  It  is  the  presence  of  too  much  water.  What  is  the  remedy  ! 
A  removal  of  the  excess  of  water.    And  how  ?  By  efiectual  drainage. 

There  are  other  benefits  to  the  land,  which  follow  from  this  removal 
of  the  excess  of  water  by  draining,  of  which  it  would  here  be  out  of 
place  to  treat;  but  a  knowledge  of  the  above  principle  shows  you  that 
the  first  effect  upon  the  soil  is  the  same  as  if  you  were  to  place  it  in  a 
warmer  climate,  and  under  a  milder  sky— where  it  could  bring  to  ma- 
turity other  fruits,  and  yield  more  certain  crops. 

The  application  of  this  merely  rudimentary  knowledge  will  enable 
you  to  remove  from  many  improvable  spots  the  stigma  of  being  poor  and 
cold ;  an  appellation  hitherto  applied  to  them,— not  because  they  are  by 
nature  unproductive,  but  because  ignorance,  or  indolence,  or  indifference, 
has  hitherto  prevented  their  natural  capabilities  firom  being  either  ap- 
preciated or  made  available. 


Mia.— In  rafiMnencs  to  the  tuppoMd  faitillsliiff  eflbeC  of  ■new,  edverted  to  la  the  ebOTa 
lecture,  I  majr  mention  a  fact  obaerred  by  Ha7er,and  qooted  by  tiebig,  (p.  126),  tba»  wiUow 
t>ranehea  fmmeraed  ia  ahow  water  put  forth  rooCa  three  or  four  tioiea  longer  than  when  put 
into  pore  diatiUed  water,  and  that  the  latter  remained  clear  while  the  anew  water  beeaoM 
Qoloured.  Thla  ahowa  that  anow  eontaina  aomethlof  not  preaent  in  diaOUed  water,  which 
la  capable  of  accelerating  the  growth  of  piaota.  The  experiment  would  have  been  more 
kMtractite  In  renrd  to  natnru  openUooa,  had  the  eObct  of  the  anow  water  been  com* 
pared  wtth  that  of  an  equal  bulk  oi.fain  water,  cellecteU  under  ahnilar  circamataocee. 
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I        OvfaoDte  and  ozalie  aelda,  tbelr  properttea  and  relations  to  vegetable  Ufe~Caitonic  ozida 
and  light  carbaretted  bydrogon,  tneirprapertlas  and  prcxliictwa  lo  nature— Aamonia,  its 
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f  §  1.  Cwrhonie  acidj  its  properties  and  relations  to  vegetable  life. 

^  Whciv  charcoal  is  burned  in  the  air  it  combines  slowly  with  oxygen, 

•       and  is  transformed  into  carbonic  acid  gas.    In  oxyeea  gas  il  bums  more 
\       rapidly  and  vividly,  producing  the  same  corapouncL 

This  ^as  is  colourless,  like  oxygen,  kydrogea,  and  aitinogeD,  but  is 
readily  distinguished  from  all  these,  by  its  acid  taste  and  smell,  by  itssola- 
'  bility  m  water,  by  its  great  density,  and  by  iu  reddening  vegetable  blues. 
^  Water  at  60  F.  and  under  the  ordinary  pressure  of  the  atmosphere,  dis- 
'  solves  rather  more  than  its  own  bulk  of  this  ^as  (100  dissolve  106),  and, 
'  bowever  the  pressure  may  be  increased,  it  still  dissolves  the  same  bulk. 
I  All  gases  diminish  in  bulk  uniformly  as  the  pressure  to  which  they 

^        are  subjected  is  increased.     Thus  under  a  pressure  of  two  atmospheres 
they  are  reduced  to  one-half  their  bulk,  of  three  atmospheres  to  one* 
'       third,  and  so  on.     When  water,  therefore,  is  saturated  with  carbonic 
I       acid  under  great  pressure,  as  in  the  manufacture  of  soda  water,  though 
it  still  dissolves  only  its  own  bulk,  yet  it  retains  a  weight  of  the  gas 
which  is  proportioned  to  the  pressure  applied.    For  the  same  reason 
also,  when  the  pressure  is  removed,  as  in  drawing  the  cork  from  a  bot- 
tle of  water  so  impregnated,  the  gas  expands  and  escapes,  causing  a 
lively  effervescence,  and  the  water  retains  only  its  own  bulk  at  the  ex- 
isting pressure.     This  solution  in  water  has  a  slightly  sour  taste,  and 
reddens  vegetable  blues.     These  properties  it  owes  to  the  presence  of 
the  gas,  which  is  therefore  what  chemists  call  an  add  body,  and  hence  its 
name  of  carbonic  acid.     [Acids  have  generally  a  sour  taste,  redden 
-   vegetable  blues,  or  combine  with  basesj  such  as  lime,  soda,  potash,  &c., 
U>  form  salts.] 

Til  is  gas  is  one-half  heavier  than  atmospheric  air,  its  density  being 
1*524,  and  hence  it  may  be  poured  through  the  air  from  one  vessel  to 
another.  Hence  also,  when  it  is  evolved  from  crevices  in  the  earth,  in 
caves,  in  wells,  or  in  the  soil,  this  gas  diffuses  itself  through  the  atmos- 
(ihere  and  ascends  into  the  air,  much  more  slowly  than  i^  elementary 
gases  described  in  the  previous  lecture.  Where  it  iseues  from  the  earth 
^  in  large  quantity,  as  in  many  volcanic  districts,  it  flows  along  the  surface 
like  water,  enters  into  and  fills  up  cracks  and  hollows,  and  sometimes 
reaches  to  a  considerable  distance  from  its  source,  befixe  it  is  lost  among 
the  still  air. 

Burning  bodies  are  extinguished  in  carbonic  acid,  and  living  beings, 
plunged  into  it,  instantly  cease  to  breathe.  Mixed  with  one-ninth  of  its 
bulk  of  this  gas  the  atmospheric  air  is  rendered  unfit  for  respiration.  It 
is,  however,  the  principal  food  of  plants,  being  absorbed  by  their  leaves 
and  roots  in  large  quantity.  Hence  the  presence  of  carbonic  acid  in  the 
atmosphere  is  necessary  to  the  growth  of  plants,  and  they  have  beenob- 
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•erved  to  thrive  better  when  the  quantity  of  this  gas  in  the  air  is  oon* 
Biderab]y  augmented.  Common  air,  as  has  been  already  stated,  does 
sot  contain  more  on  an  average  than^^i^^th  of  its  bulk  of  carbonic  acid* 
but  De  Saussure  found  that  plants  in  the  sunshine  grew  better  when  it 
was  increased  to  -f^h  of  the  bulk  of  the  air,  but  beyond  this  quantity 
they  were  injured  by  its  presence,  even  when  exposed  to  tne  san« 
When  the  carbonic  acid  amounted  to  one-half,  the  plants  died  in  seven 
days ;  when  it  reached  two-thirds  of  the  bulk  of  the  air,  they  ceased  to 
grow  altogether.  In  the  shade  any  increase  of  carbonic  acid  beyond 
that  which  naturally  exists  in  the  atmosphere  of  our  globe,  was  found 
10  be  injurious. 

These  circumstances  it  is  of  importance  to  remember.  Did  the  sun 
ahvays  shine  on  every  part  of  the  earth's  surface,  the  quantity  of  carbo- 
nic acid  in  the  atmosphere  might  probably  have  been  increased  with  ad- 
Tantage  lo  vegetation.  But  every  such  mcrease  would  have  rendered 
the  air  less  fit  for  the  respiration  of  existing  races  of  animals.  Thus 
we  see  that  n^^t  only  the  nature  of  living  beings,  both  plants  and  ani- 
mals, but  also  the  periodical  absence  of  the  sun^s  rays,  have  been  taken 
into  account  in  the  present  arrangement  of  things. 

In  perpetual  sunshine  plants  would  flourish  more  luxuriantly  in  air 
containing  more  carbonic  acid,  but  they  would  droop  and  die  in  the 
shade.  This  is  one  of  those  proofs  o{ unity  of  design  which  occasion- 
ally force  themselves  u{X)n  our  attention  in  every  department  of  nature, 
and  compel  us  to  recognise  the  regulating  superintendence  of  one  mind. 
The  same  hand  which  mingled  the  ingredients  of  the  atmosphere,  also 
set  the  sun  to  rule  the  day  only, — ^tempering  the  amount  of  carbonic 
acid  to  the  time  of  his  periodical  presence,  as  well  as  to  the  nature  of 
animal  and  vegetable  life. 

Carbonic  acid  consists  of  one  equivalent  of  carbon  and  two  of  oxygen, 
and  is  represented  by  COg.  It  unites  with  bases  (potash,  soda,  lime, 
&c.),  and  forms  compounds  known  by  the  name  of  carbonate.  Thus 
ffearlash  is  an  impure  carbonates  of  potash, — the  common  soda  of  the 
shops,  corbonate  of  soda^^—and  limestone  or  chalk,  carbonates  of  lime* 
From  these  compounds  it  may  be  readily  disengaged  by  pouring  upon 
them  diluted  muriatic  or  sulphuric  acids.  From  limestone  it  is  also 
readily  expelled  by  heat,  as  in  the  common  lime-kilns.  During  thin 
process  the  limestone  loses  nearly  44  per  cent,  of  its  weight,  [43*7  when 
pure  and  dry,]  a  loss  which  represents  the  quantity  of  carbonic  acid  dri- 
ven off.  [Hence  by  burning  limestone  on  the  spot  where  it  is  quarried, 
nearly  one-half  of  the  cost  of  transport  is  saved,] 

Common  carbonate  of  lime,  in  its  various  forms  of  chalk,  hard  lime  • 
stone,  or  marble,  is  nearly  insoluble  in  water,  but  it  dissolves  readily  iii 
water  containing  carbonic  acid.  Thus,  if  a  current  of  this  gas  be  pass- 
ed through  lime-water,  the  liquid  speedily  becomes  milky  from  the 
formation  and  precii>iiation  of  carbonate  of  lime,  but  aAer  a  short  time 
the  cloudiness  disappears,  and  the  whole  of  the  lime  is  re-dissolved. 
The  application  of  lieat  to  this  clear  solution  expels  tlie  excess  of  car- 
bonic acid,  and  causes  the  carbonate  of  lime  again  to  fall. 

By  exposure  to  the  air,  we  have  already  seen  that  water  always  ab- 
sorbs a  quantity  of  carbonic  acid  from  the  atmosphere.  As  it  after- 
wards trickles  through  the  rocks  or  through  soil  containing  lime,  it  grad- 
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Qally  dissolves  a  portioo  of  this  earthy  equivalent  to  the  quantiQr  of  gas 
it  holds  in  solution,  and  thus  reaches  the  snrfaoe  impcegnated  with  cal- 
csareous  matter.  Or  it  carries  it  in  iu  progress  below  the  surface  to  the 
roots  of  plantSv  where  its  earthy  oooceats  are  made  aTaHable,  eitlier  di- 
rectly or  iadirectlv,  to  the  promotion  of  vegetable  growth.  To  the  lime 
thus  held  ia  solution,  spring  and  other  waters  generaU y  owe  their  hard^ 
ncfs,  and  it  is  the  ezpalston  of  the  carboatc  acid,  by  heat,  that  causes 
the  deposition  of  the  sediment  so  often  observed  when  such  waters  are 
boiled. 

I  propose  hereafter  to  devote  an  eatire  lecivre  to  the  consideratioQ  of 
the  action  of  lime  upon  land,  as  it  is  era  picked  for  agricultural  por« 
poees,  but  I  may  here  remaHi«  that  this  solvent  action  of  the  carbooie 
acid  in  rain  water  is  one  of  the  principal  agents  in  removing  the  lime 
from  your  soils,  and  in  rendering  a  fresh  application  necessary  after  a 
certain  lapse  of  time.  It  is  the  cause  also  of  that  deposit  of  calcareous 
matter  at  the  mouths  of  drains  which  yoa  not  unfrequently  see  in  lo- 
calities where  lime  is  laid  abundantly  upon  the  laad.  The  greater  the 
quantity  of  rain,  therefore,  which  falls  in  a  district,  the  less  penpanent 
will  be  the  effects  of  liming  the  liaid--ihe  sooner  will  it  be  robbed  of 
this  important  element  of  a  fertile  soil.  Still  carbonic  acid  is  only  one 
of  several  agents  which  act  almost  unceasingly  in  thas  removing  the 
lime  from  the  land,  afact  I  shall  hereafter  have  occasion  more  fiilly  to 
explain. 

In  nature,  carbonic  acid  is  produced  ander  a  great  variety  of  dream- 
stances.  It  is  given  off  from  the  lungs  of  all  animals  during  respire* 
tion.  It  is  formed  during  the  progress  of  fermentation.  Fermented  li- 
quors owe  their  sparkling  qualities  to  tlie  presence  of  this  gas.  Dur- 
ing the  decay  of  aoimal  and  vegetable  substances  in  the  air,  in  com- 
post heaps,  or  in  the  soil,  it  is  evolved  in  great  abundance.  In  certain 
volcanic  countries  it  issues  in  large  quantity  from  springs  and  from 
cracks  and  (issares  io  the  surface  of  the  earth;  while  the  vast  amount 
of  carbon  contained  in  the  wood  Snd  coal  daily  consumed  by  baminff, 
is  carried  up  into  the  atmosphere,  chiefly  in  the  form  of  carbonic  acid. 
We  shall  hereafter  consider  the  relation  which  exists  between  these 
several  sources  of  supply  and  the  proportion  of  carbonic  acid  per- 
manently present  in  the  air  and  so  necessary  to  the  support  of  vegetable 
life. 

§2.  Oxalk  acid^  its  pnperUti  and  rddUms  to  vegtUAU  Ufi. 

Oxalic  acid  is  another  compound  of  carbon  and  oxygen,  which,  though 
not  known  to  minister  either  to  their  growth  or  nourishment,  is  yet  iound 
largely  in  the  interior  of  many  varieties  of  plants.  In  an  uncombined 
state  It  exists  in  the  hairs  of  the  chick  pea.  In  combination  with  potash 
it  is  found  in  the  wood  sorrel  (oxalis  acetosella),  in  the  common  sorrel, 
and  other  varieties  of  rKmex,-*in  which  it  is  the  cause  of  the  acidity  of 
the  leaves  and  stemSt-^-in  the  roots  of  these  plants  also,  in  tlie  leaves  and 
roots  of  rhubarb,  and  in  the  roots  of  tormentilla*  bistort,  gentian,  saponaria, 
and  many  others.  It  is  this  combination  with  potash,  formerly  extracted 
from  wood  sorrel,  which  is  known  in  commerce  by  the  name  oftaU  of 
90mU    In  combination  with  lima  it  forms  the  pnacipal  solid  pans  of 
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Qumy  IklwoB,  CBpcatdXycif^parmdUgwod  wgrioUnue^*  some  fffwlach 
ooDtain  as  much  axalaie  of  lime  ai  weqiiiTBlem  to  15  or  20  parts  of  puie 
acid  io  100  of  the  dried  plant.    - 

Tho  crymjeAhaeeA  oxalk  aeid  of  the  abops  Ibnm  tnuMjfMiroDt  ooloorleia 
CTym&}»t  of  afr  intensely  soar  t«te.  Tbese  crystals  dnaolTe  readily  io 
'wiov  their  weiglit  of  cold  water,  and  the  solution,  when  safficieotly  di- 
lite,  is  agPseaUy  acid  to  the  taste*  This  acid  is  eaceediagly  poisooooa- 
Half  an  oooce  of  the  crystals  is  svffieient  to  destroy  life  io  a  very  short 
tioie,  and  a  qaarter  of  an  ounce  after  the  lapse  of  a  few  days.  It  con- 
sists solely  of  carbon  and  oaygen  in  the  ptoporiion  of  two  eqaiTaleota 
of  the  former  to  three  of  the  latter.  Its  syoibol  is  CaO,.  It  oonabinea 
with  bases,  and  forms  salts  which  ase  known  by  the  name  of  exaUUegf 
and  it  is  characterised  by  the  teadtaees  with  which  it  combines  with  lima 
to  form  oxalate  ofUme,  If  a  eolation  of  the  acid  be  poured  into  lime  wa- 
ter, the  mixture  immediately  becomes  milky  from  the  formaikm  of  tbia 
compound,  which  is  insolnble  tn  waler.f  It  is  this  oxalate  of  lime  whicli 
exists  in  the  lichens,  while  oacaUOe  cfpaUuh  exists  in  the  sorrels. 

Oxalic  acid  is  one  of  those  oompounds  of  organic  oripn  whicti  we  cai»« 
not  form,  as  we  can  form  carbonic  aeid  by  the  direct  union  of  its  etementa* 
In  all  our  processes  for  |ice  paling  it  artificially,  we  are  obliged  to  have  ro- 
course  to  a  substance  previously  organized  m  the  living  plant.  It  may 
be  prepared  from  sugar,  starch,  or  even  from  wood,  by  varions  chemical 
processes*  The  usual  method  is  to  digest  potato  starch  with  five  times  ita 
weight  of  strong  nitric  acid  (aqnafortis),  diluted  with  ten  of  water,  till  red 
fumes  cease  to  be  given  oflf,  and  then  to  evaporate  the  solation.  The  ox- 
alic acid  separates  m crystals,  or,  as  it  is  usually  expressed,  crystalUxe^  in 
the  solution  thus  concentrated  by  evaporation. 

It  is  not  known  to  exist  in  the  soil  or  in  the  waters  which  reach  the 
roots  of  plants.  Where  it  is  foond  in  living  vegetables,  therefore,  it  must* 
like  the  other  snbstances  they  contain,  have  been  formed  or  elaborated 
in  the  interior  of  the  plant  itself.  By  what  very  simple  changes  the 
production  of  this  acid  is  or  may  be  efieeted,  we  shall  see  io  a  aubso' 
quent  lecture. 

)  3.  Carbonic  oxtde^  iU  consHiution  and  jproperUee* 

When  carbonic  acid  (COa)  is  made  lo  pass  through  a  tube  oontainiog 

red-hot  charcoal,  it  undergoes  a  remarkable  chanae.    Its  gaseous  form 

remains  unaltered,  but  it  combines  with  a  second  equivalent  of  carbon 

(becoming  Ca  Oa)f  which  it  carries  off  in  the  aeriform  state.    The  new 

'  The  flonvieUa  cmctofaftnd  varioUtriammmmd»  are  meoUoned  n  pecoUartf  rich  io  this 
BCld,  which  used  to  be  extracted  from  tbem  for  sale.  A  species  of  parmelia,  coOeeted  after 
tho  droughta  on  th«  aanda  of  Fersla  and  Ctoonjla,  contains  66  per  cent  of  oxalate  of  time, 
with  abo^tSa  per  coot,  of  a  gelaUnoiM  aol»ilanoe  aimtlar  to  that  obtained  from  Iceland  moaa. 
T^ila  Hcnen  is  used  for  fbodby  the  Ktrihult.  A  similar  lichen  ia  coUeeted  about  Bagdad  for 
a  aimilar  purpose. 

f  Aibatadces  that  are  ineoIaMe  are  cenertf  7  without  action  on  the  animal  economr,  and 
maj  be  faitrodur^d  into  (he  stomach  withoet  prodoeinc  any  injitriooa  eflfecL  Bence  ttila  ox* 
■iate  of  lime,  ihocigh  it  contains  oxalic  acid,  is  not  poiaonwua.  Hence  also,  if  oxalic  acid  be 
present  in  the  stomach,  Its  poteonmia  action  may  be  talcen  sway  br  causing  lime  water  or 
millt  of  lime  to  be  swallowed  in  sumcieot  <fiandty.  The  aeid  combines  with  the  lime,  as  In 
the  experiment  described  in  the  text,  and  forms  inaolublo  oxalate  of  lime.  The  commoa 
maiTBeaia  of  the  ahops  will  aerre  tile  aame  purpoae,  forming  an  insoluble  oxalaUofmagnetia. 
It  is  by  performhig  experiments  mider  etraomstaneee  where  the  reaulta  are  Viatbie— as  In 
glaae  veasela— that  we  are  enabled  |o  predkft  ihe  reaolts  in  eircnmataneee  where  the  pbe. 
■omens  are  not  vfallAe,«Bd  to  est  wfOi&s  aneh  eonadence  aa  if  we  could  really  see  tben^ 
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§08  thus  fnrodaoeo  is  known  by  the  oame  of  carbonic  cKide«>  Ic  ooiwbi* 
of  one  equivalent  of  carbon  aoit^  lo  onc^  osLygen,  and  is  repreaeoMd 
by  C,  Oa,  or  mmpiy  CO. 

This  gas  is  colourless*  without  tasle  or  smell,  lighter  than  conunon  air« 
nearly  insoluble  in  water,  extinguishes  flame,  dops  not  support  life; 
bums  in  the  air  or  in  oxygen  gas  with  a  blue. flame, and  during  this 
eombustion  is  converted  into  carbonic  acid.  It  is  pioduced  along  with 
carbonic  acid  during  the  imperfect  combustion  of  coals  in  our  fires  and 
furnaces,  but  is  not  known  to  occur  io  natursi  or  to  minister  ^directly  to 
the  growth  of  plants. 


There  exists  a  general  relation  amon^  the  three  compounds  of  .carboa 
and  oxygen  above  described,  to  which  it  may  be  interesting  to  advert, 
in  connection  with  the  subject  of  vegetable  physiology.  This  relation 
appears  when  we  compare  together  their  chemical  constitution,  as  t^ 
presented  by  their  chemical  (brmuls  >— 

Carbonic  add  consists  of  one  of  carboa  and  two  of  oxygen,  or  CO9 ; 

Carlonic  oxide^  of  one  of  carbon  and  one  of  oaygen,  or  CO ; 

So  that  if  carbonic  acid  be  present  ia  a  plant,  uid  be  there  deprived 
of  one  equivalent  of  its  oxygen,  by  any  vital  action,  it  will  be  converted 
into  cartN>nic  oaide. 

Oxalic  and  consists  of  two  of  cafteo  and  three  of  oxygeo«  or  C^O^ 

If  we  add  together  the  ibrmulsB  for 

Carbonic  acid      sBCO^and 
Carbonic  oxide    »  CO,  we  have 

Oxalic  acid   as  0,03. 

Hence  this  acid  nbay  be  formed  in  the  interior  of  plaols,  either  by  tfaa 
direct  union  of  carbonic  oxide  and  carbonic  acid,  or  by  depriving  two  of 
carbonic  acid  (2CO,  or  0^04)  of  one  equivalent  of  oxygen. 

When  in  a  subsequent  lecture  we  have  studied  the  structure  and  func- 
tions of  the  leaves  of  plants,  we  shall  see  how  very  easy  it  is  to  under- 
stand the  process  by  which  oxalic  acid  is  formed  and  deposited  in  the  in- 
terior of  plants,  and  by  which  carbonic  oaide  also  may  Ae,  and  probably 
is,  produced. 

§  4.  lAghtearbwrettied  kydrogem^--4ke  gas  of  marries  and  ofcoalmmu. 

During  the  decay  of  vegetable  matter  in  moist  places,  or  under  water, 
a  Ugbt  idiammable  gas-is  not  unfrequently  given  off,  which  difiers  in  its 
properties  from  any  of  those  hitbeno  descriM.  In  simimer  it  may  oflen 
be  seen  rising  up  in  bubbles  from  die  bottom  of  stagnant  pools  and 
from  marshy  places,  and  nuiy  readily  be  collected. 

This  gas  is  colourless,  without  taste  or  smell,  and  is  little  more  than 
half  i\fi  weight  of  common  air,  [its  specific  gravity,  by  experiment,  is 
0-5576.]  A  lighted  taper,  plunged  into  it,  is  immediately  extinguished, 
while  the  gas  takes  fire  and  burns  with  a  pale  yeliow  flame,  yielding 
nore  light,  however,  than  pure  hydrogen  gas,  which  it  otherwise  re- 
sembles.   Animals  introduced  into  it,  instantly  cease  to  breathe. 

It  consists  of  one  equivalent  of  carbon  (C)  united  to  two  of  hydrogen 
(2H  or  Hj),  and  is  represented  by  CU^.     when  burned  in  tlie  air  or 
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io  oxygen  gm,  the  carbon  it  contains  is  converted  into  carbonk  acid 
(CO,),  and  the  hydrogen  into  water  (HO). 

Like  oxalic  acid  this  gas  cannot,  by  any  known  process,  be  produced 
jfinom  the  direct  craion  of  the  carbon  and  hydrogen  of  which  it  coosiatt. 
It  is  readily  obtained,  however,  by  heating  acetate  of  potash  in  a  retort, 
with  an  equivalent  proportion  of  caastic  baryta.  [Acetate  of  potash  is 
prepared  by  pouring  vinegar  (acetic  acid)  on  common  pearlash  and 
evaporating  the  solution.] 

In  nature  it  is  targeW  evolved  in  coal  mines,  and  is  the  principal  com- 
bustible ingredient  in  those  explosive  atmospheres  which  so  frequently 
cause  disastrous  accidenti  in  mining  districts. 

Thb  gas  is  also  given  ofi* along  with  carbonic  acid  during  the  fermen- 
tation of  compost  heaps,  or  of  other  large  collections  of  vegetable  mat- 
ter. It  is  said  also  to  be  generally  present  in  well  manured  soih^ 
[Pcasoz,  Chimie  MoUeuUate^  p.  647,}  and  is  supposed  by  many  to  con-  { 
tribote  in  such  cases  to  the  nourishment  of  plants.  It  is,  however,  very  \ 
sparingly  soluble  in  water,  so  that  in  a  state  of  solution,  it  cannot  enter  ' 
largely  into  the  pores  of  the  roots,  even  though  it  be  abundantly  present  ' 
in  the  soil.  How  far  it  can  with  propriety  be  regarded  as  a  general 
sonree  of  food  to  plants,  will  be  considered  in  the  following  iectnre.  j 

%  5.  Ammonia,  its  properties  and  relations  to  vegetable  life. 

Ammonia  is  a  compomid  of  hydrogen  and  nitrogen.     It  is  possessed 
of  many  interesting  properties,  and  is  supposed  to  perform  a  very  im- 
portant part  in  the  process  of  vegetation,     it  will  be  proper,  therefore,         ; 
to  illustrate  its  nature  and  properties  whh  considerable  attention.  J 

Ammonia,  like  the  nitrogen  and  hydrogen  of  which  it  is  composed,  is 
a  colourless  gas,  but,  unlike  its  elements,  is  easily  distinguished  from 
all  other  gaseous  substances  by  its  smell  and  taste. 

It  possesses  a  powerful  penetrating  odour  (familiar  to  you  in  the  smell 
of  hartshorn  and  of  common  smelling  salts),  has  a  burning  acrid  alka- 
line* taste,  extinguishes  a  lighted  taper  as  hydrogen  and  nitrogen  do,  but 
does  not  itself  take  fire  like  the  fornr>er.  it  instantly  sufibcates  animals^ 
kills  hving  vegetables,  and  gradually  destroys  the  texture  of  their  parts. 

It  is  abmb^  in  large  qoantittes  by  porous  substances,  such  as  ehar« 
coal— which,  as  already  stated,  a^^sorbs  95  times  its  own  bulk  of  ara- 
moniacal  gas.  Porous  vegetable  substances  in  a  decaying  state  likewise 
absorb  it.  Porous  soils  alms  burned  bricks,  burned  clay,  and  even  com- 
mon clay  and  iron  ochre,  which  are  mixed  together  on  the  surface  of 
most  of  our  fertile  lands— «ll  these  are  ^pable  of  absorbing  or  drinking 
m,  and  retaining  within  their  pores,  this  gaseous  substance,  when  it  hap* 
pens  to  be  brought  into  contact  with  them. 

But  the  quantity  absorbed  by  water  is  much  greater  and  more  sar* 
prising.  If  the  mouth  of  a  bottle  filled  with  this  gas  he  immersed  in 
water,  the  latter  will  rush  up  and  fill  the  bottle  almost  instantanfpusly ; 
and  if  a  sufficient  supply  of  amnwnia  be  present,  a  given  quantity  of 
water  will  take  up  as  much  as  670  times  its  bulk  of  the  gas. 

This  solutk>n  of  ammonia  in  water  is  the  spirit  of  hartshorn  of  tha 
ihops.    When  saturtUed  [that  is,  when  gas  is  supplied  till  the  water  n-* 

*  The  term  aUkaKtw.  u  applied  to  taet^,  will  be  beet  underetood  by  deacribioc  it  M  a  tasis 
Intkr  t*  liMi  ef  tkaooounon  ao<te  aatf  peariaat  of  lb*  ahopa. 
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Ibses  to  take  up  any  more,]  it  is  lighter  than  pure  water,  [its  specific 
gravity  is  0*876,  waterbeing  1,]  has  the  pdngent  penetrating  odour  of  the 
gas,  fl^  its  hot,  burning,  alkaline  tasie — is  capable  of  blistering  the 
skin,  and  decomposing  or  destroying  the  texture  of  animal  and  vegeta- 
ble substances. 

You  will  remark  here  the  effect  which  combination  has  in  investing 
substances  with  new  characters.  The  two  gases  hydrogen  and  nitrogen, 
themselves  without  taste  or  smell,  and  absorbed  by  water  in  minute 
Quantity  only,  form  by  their  union  n  compound  body  remarkable  both 
for  taste  and  smell,  and  for  the  rapidity  with  which  water  absorbs  it. 

Ammonia  possesses  also  alkaline  properties,*  it  restores  the  blue 
colour  of  vegetable  substances  that  have  been  reddened  by  an  acid,  and 
it  combines  with  acid  substances  to  form  salts. 

Among  gaseous  substances,  therefore,  there  are  some  which,  like  car- 
bonic acid,  have  a  sonr  taste  and  redden  vegetable  blues ;  others  which, 
like  ammonia,  have  an  alkaline  taste  and  restore  the  blue  colour ;  and 
a  third  class  which,  like  oxygen,  hydrogen,  and  nitrogen,  are  desttiuie  of 
taste  arid  do  not  affect  vegetable  colours.  These  last  are  called  neu^ 
ttalot  indifferent  substances. 

Ammonia,  as  above  stated,  combines  with  acids  and  forms  salts, 
•which  at  the  ordinary  temperature  of  the  atmosphere  are  all  solid  sub- 
stances. Hence  if  carbonic  acid  gas  be  mixed  with  ommoniacal  gQS, 
a  white  cloud  is  formed  consisting  of  minute  particles  of  solid  carbonate 
ot  ammonia — ^the  smelling  salts  of  the  shops.  Hence  also  a  feather 
dipped  into  vinegar  or  dilute  muriatic  acid  (spirit  of  salt),  and  then  in- 
troduced into  ammoniacal  gas,  forms  a  similar  white  cloud,  and  be- 
comes covered  with  a  white  down  of  solid  acetate  or  of  mwriate  of  ammonia 
(sal  ammoniac).  The  same  appearance  is  rea()ily  seen  by  holding  the 
feather  to  the  mouth  of  a  bottle  containing  hartshqrn  (liquid  ammonia), 
from  which  ammoniacal  gas  continually  escapes,  and  by  its  lightness  rises 
into  the  air,  and  thus  comes  in  contact  with  the  acid  upon  thefeathera. 

The  fact  of  the  production  of  a  solid  body  by  the  union  of  two  gases 
(ammonia  and  carbonic  or  muriatic  acid  gases)  is  one  of  a  very  inter- 
esting nature  to  the  young  chemist,  and  presents  a  further  illustration 
of  the  changes  resulting  from  chemical  combination  as  explained  in 
the  previous  lecture. 

Ammonia  is  little  more  than  half  the  weight  of  common  air,  [more 
nearly  three-fiflhs,  its  specific  gravity  being  0*59,  that  of  air  being  1,1 
hence  when  liberated  on  the  earth's  surface  it  readily  rises  into  and 
mingles  with  the  atmosphere.  It  consists  of  hydrogen  and  nitrogen 
united  together  in  the  proportion  of  three  equivalents  of  hydrogen  (3H 
or  H3)  and  one  of  nitrogen  (N),  [see  Lecture  II,]  and  hence,  it  is  re- 
presented by  the  symbol  (N  -f-  3H),  or  more  shortly  by  NH3.  100 
parrs  by  weight  contain  824  of  nitrogen  and  174  of  hydrogen,  [correct- 
ly 82*545  and  17*455  respectively.] 

In  nature,  ammonia  exists  in  considerable  quantity      It  is  widely, 

*  In  fh%  prerloos  lecture,  the  term  add  was  ezptalnrd  as  applying  to  sobstanees  poasese> 
edof  a  eour  taate,  and  capable  of  redtlentn^  yegetable  bluea  or  coinbinlnir  with  btmt  (poU 
••h,  eoda.  magnesia,  Ac.)  to  form  aatte;  aUealiea  are  such  as  possess  an  alkaline  taste  (see 
prevkms  Note),  restore  the  blue  colour  to  reddpne<1  ▼eitelable  substances,  or  combine  with 
oddt  to  Ibrm  mOit,  Of  salts,  nitrate  of  soda,  saltoetro  (nitrate  of  potash),  and  glanber  ■alts 
(MlpbaU  of  aoda),  are  examples. 
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almost  univenaUy,  diffuaed,  but  is  not  known  to  fonn  large  deposits  ox 
any  part  of  the  earth's  surface,  or  to  enter  as  a  constituent  into  ^^y 
of  the  great  mineral  masses  of  which  the  crust  of  the  g]obe  is  com- 
posed. It  exists  most  abundantly  in  a  stcUe  of  combinaiior^^-in  tiie 
forms,  for  example,  of  muriate  (sal  ammoniac),  of  nitrate,  and  of  carbon- 
ate of  ammonia.  It  frequently  escapes  into  the  atmosphere  in  an  tin- 
combined  state,  especially  where  animal  matters  are  undergoing  decay, 
but  it  rarely  exists  in  this  free  state  for  any  length  of  time.  It  speedi^ 
unites  with  the  carbonic  acid  of  the  air,  with  one  or  other  of  the  numer- 
ous acid  vapours  which  are  continually  rising  from  the  earth,  or  with 
the  nitric  acid  which  is  formed  at  the  expense  of  the  nitrogen  and  oxy- 
gen of  which  the  atmosphere  consists. 

The  influence  of  ammonia  on  vegetation  appears  to  be  of  a  very 
powerful  kind.  It  seems  not  only  to  promote  the  rapidity  and  luxu- 
riance of  vegetation,  but  to  exercise  a  powerful  control  over  the  func- 
tions of  vegetable  life.  In  reference  to  the  nature  and  extent  of  this 
action,  into  which  we  shall  hereafter  have  occasion  to  inquire,  there 
are  several  special  properties  of  ammonia  which  it  will  be  of  Impor- 
tance for  us  previously  to  understand. 

1°.  It  has  a  powerful  affinity*  for  acid  substances.  Hence  the 
readiness  with  which  it  unites  with  acid  vapours  when  it  rises  into  the 
atmosphere.  Hence  also  when  formed  or  liberated  in  the  soil,  in  the 
fold-yard,  in  the  stable,  or  in  compost  heaps,  it  unites  with  such  acid 
substances  as  may  be  present  in  the  soil,  &c.  and  forms  saline  com- 
pounds of  salts.  All  these  salts  appear  to  be  more  or  less  influential  in 
the  processes  of  vegetable  life. 

2^.  Yet  this  aflinity  is  much  less  strong  than  that  which  is  exhibited 
for  the  same  acids  by  potash,  soda,  lime,  or  magnesia.  Hence  if  any 
of  these  substances  be  mixed  or  brought  into  contact  with  a  salt  of  am- 
monia, the  acid  of  the  latter  is  taken  up  by  the  potash  or  lime,  while 
the  ammonia  is  separated  in  a  gaseous  state.  Thus  when  sal  ammo- 
niac in  powder  is  mixed  with  twice  its  weight  of  quick-lime,  ammoni- 
acal  gas  is  liberated  in  large  quantity.  This  is  the  method  by  which 
pure  ammonia  is  generally  prepared ;  and  one  of  the  many  functioos 
performed  by  lime  when  employed  for  the  improvement  of  land,  espe- 
cially on  soils  rich  in  animal  and  vegetable  matter,  is  that  of  decompo- 
sing the  salts,  especially  the  organic  salts,  of  ammonia,-:-as  will  be 
more  fully  explained  when  we  co:ne  to  treat  at  length  of  this  important 
part  of  agricultural  practice. t 

3^.  The  salts  which  ammonia  forms  with  the  acids  are  all,  like  am- 
monia itself,  very  soluble  in  water.  Hence  two  consequences  follow. 
First,  that  which  rises  into  the  air  in  the  form  of  gas,  and  there  com- 
bines with  the  carbonic  or  other  acids,  is  readily  dissolved,  washed  out        | 

*  By  affiniU/'\a  meant  the  tpndency  whfch  bodies  haye  to  anite  and  to  remain  uoUed  or 
combined.    Thoa  ammonia  forma  a  aoUd  atibatance  with  rhe  vapour  ofyine^ar  the  moment  | 

tiie  two  aiibatancea  come  into  coalact ;  tbej  have,  therefore,  a  strong  tendency  to  unite,  or  | 

an  affinity  for  each  other. 

t  See  Lectare  XVT.  ^OnthtuKof  Ume.'*  Owinff  to  ihia  property  the  action  of  lime  upOB 
compoet  heaps  is  often  injnrioas,  by  causing  the  evolution  or  the  ammonia  produced  duriof 
the  decomposition  of  the  animal  matters  they  contain.  This  escape  of  ammonia,  even 
when  imperceptible  by  the  sense  of  smell,  is  easily  detected  by  holding  over  the  heap  a  fea- 
ther dipped  in  vinegar  or  in  spirit  of  salt  (muriaiic  acid),  when  white  tumea  are  immediat» 
1y  perceived  If  ammonia  be  present 


mi  brought  to  the  eanh  affain  by  the  rains  and  dewi;  so  that  at  the 
aame  time  the  air  is  puiincd  for  the  uee  of  animalst  and  the  ammo- 
nia brought  doWD  for  the  uae  of  plabte.  And  second,  whatever  saUs  of 
ammonia  are  contained  in  the  soil,  being  dissolved  by  the  rain,  are  in 
a  condition  to  be  taken  up,  wheq  wholesome,  by  the  roots  of  plants;  or 
to  be  carried  oflfby  the  drainir  when  iajuriotts  to  vegetation^ 
'4°.  I  have  already  alluded  to  the  (act  of  this  gas  being  absorbed  by 
porous  substances,  and  to  its  presence,  in  coDsequeace,  in  porous  soiU| 
and  in  burned  bricks  and  clay.  With  the  purer  kinds  of  unburned 
clay,  hoK^evev^  and  with  the  oxide  •f  icon  contained  in  red  (or  ferrusi- 
nous)*  soils,  ammonia  is  supposed  to  form  a  chemical  compound  ofa 
weak  nature.  In  consequence  of  its  affinity  or  feeble  tendency  to  com- 
bine with  these  substances,  they  attract  it  from  the  air,  and  from  decay- 
ing animal  or  vegetable  matters,  and  retain  it  more  strongly  than  many 
porous  substances  can, — yet  with  a  sufficiently  feeble  hold  to  yield  it 
up,  readily  as  is  supposed,  to  the  roots  of  plants,  when  their  extremities  ~ 
are  pushed  forth  in  search  of  food.  In  this  case  the  carbonic,  acetic, 
and  other  acids  given  off,  or  supposed  to  be  given  off  by  the  roots,  exer* 
cise  an  influence  to  which  more  particular  allunon  will  be  made  here* 
after. 

6°.  In  the  state  of  carbonate  it  deoomposes  gymoin,  forming  carbon- 
ate of  lime  (chalk)  and  sulphate  of  ammonia.f  The  action  of  gypsum 
on  grass  lands,  so  undoubtedly  beneficial  in  many  parts  of  the  world, 
has  been  ascribed  to  this  singU  property ;  it  being  supposed  that  the 
sulphate  of  ammonia  formed,  is  peculiarly  favourable  to  vegetation. 
This  question  will  come  properly  under  reidew  hereafter.  I  may  here, 
however,  remark  that  if  this  be  the  §ole  reason  for  the  efficiency  of  gyp- 
earn,  its  application  ought  to  be  beneficial  on  all  lands  not  already 
abounding  either  in  gypsum  or  in  sulphate  of  ammQnia.t    But  if  the 

*  Boila  reddened  bj  the  presence  of  oxide  of  iron. 

t  Gypeum  to  9u!pkaie  of  lime— coDsieting  of  snlphtirle  add  (oil  of  Tftriol)  andqnickllrae^ 
Cartwnaie  of  ammonia  consints  of  rArbonic  acid  and  ammonia.  When  tlie  two  aubslances 
act  upon  each  other  in  a  moist  atate— the  iwo  acids  chaoje  pfacea— ihe  aulphuric  acid,  as  it 
were,  prtferring  the  ammonia,  the  carbonic  acid  the  lime. 

t  Liebif  aara— '*the  atrlking  ferUllty  of  a  memiow  oo  which  gypsnm  to  airewed  dependa 
mafy  oo  ita  fUing  in  the  soil  the  ammonia  of  the  atmosphere,  wtiich  would  otherwise  be  voU- 
lilised  with  the  water  which  evaporates.  "—Orwottie  Ckeim'Mtry  amlind  to  Asrieutture^  p.  8S. 
iBj^fixing  ia  meant  the  formins  of  su^pAofc  wim  the  ammonia.  Rain  water  is  supposed  to 
taring  down  with  It  car  bona/9  o/ammoma  (coounon  smelUnf  salta),  which  acts  upon  the  miI< 
pkateofUme(t7pmm)  In  such  a  way  that  atilp/ka/e  o^ommoma  and  corfteno/e  ^tfme  era 
produced.  The  carbonate  of  ammonia  readily  volalUixaa  or  risea  agaio'lnlo  the  air,  the  sol* 
pbate  does  not— hence  the  use  of  the  wordjU.} 

When  we  come  to  consider  the  subject  of  mineral  manures  In  general,  we  shall  stody 
more  in  detail  the  specific  action  of  gypanm  in  proaboting  Tegetation-^  very  simple  calcola* 
tion,  however,  will  aerre  to  ahew  that  the  above  ibeoiy  of  Lletrfg  la  far  firom  aUbnling  a  aatls- 
factory  e;cpianation  of  all  the  phenomena. 

fluppoaiog  the  gynsum  to  meet  with  a  aufBcieot  anpplv  of  ammonia  In  the  soil,  and  that  It 
exercises  its  full  Iniluence,  100  lbs.  of  common  vnternaa  gypsum  will  fix  or  fbrm  sulphate 
with  nearly  20  lbs.  of  ammonia  containing  16|  Iba.  of  nitrogf  n.  One  hundred  weight,  there- 
fore, (112  iba.)  will  form  as  much  sulphate  as  will  contain  221  lbs.  of  ammonia,  and  if  Intro* 
doced  without  loaa  Into  the  Interior  of  plants  will  ftimish  them  with  IBk  Iba.  of  nttrogoi. 

1<>.  In  Uie  first  volume  dT  Britiah  Huabandiy,  pp.  889,  323,  Um  foUowtng  experiment  li 
recorded: 

Mr.  Smith,  of  Tanslal,  nearSittlngbonnM,  top-dreaaed  one  portion  of  a  field  of  red  clover 
with  powdered  gypeum  at  the  rate  of  five  bosDela  (or  four  hundred  weight*)  per  acre,  and 
compared  the  produce  wiUi  another  postiea  of  Um  aame  field,  to  whioh  no  manure  hadbeea 

[*  A  ton  of  pore  gypnom,  when  crashed,  will  yield  SB  baahela.    ft  Should,  however,  al* 
bsspptt6d^ted;|A<.] 

3* 
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Bi  uonm  nt  wmcH  •mtrir  acts. 

resaltB  of  experimental  fbrmiDg  to  this  conntrr  are  to  be  tnnted,  thm  h 
by  DO  means  the  case.  The  action  neither  of  this,  nor  probably  of  any 
other  inorganic  substance  apphed  to  the  soi),  is  to  be  explained  by  k 
reference  in  every  case  to  one  and  the  same  property  only. 

7^.  The  presence  or  evolution  of  ammonia  in  a  soil  containinff  animal 
and  vegetable  matter  in  a  decaying  state,  induces  or  disposes  this  mat- 
ter to  attract  oxygen  from  the  air  more  ranidly  and  abundantly.  The 
result  of  this  is,  that  organic  acid  compounds  are  formed,  which  combine 

sppUed.  Th«  flnt  crop  via  eiH  for  hay,  uid  Qi«  second  ilpened  for  SMd.  The  folwuliif 
were  the  eompenllTe  tmakm  per  man : 

BAT  OKOr.  MSD.  STIkAW. 

euft.  on.  Ibt,         ewt.  art.  Ida, 

«7peoaied 60  3   21  22   3  12 

Unmeiuired 90  0   20  6    0   0 

KxcaeeofpriMtaM    .    .    40  SI  17   3  B 

The  ezeeM  of  pmdace  tn  ell  the  tttree  erope  upon  the  gypenmed  land  fe  very  lane :  let  vm 
calculate  bow  much  nitrogen  ihla  eseeaa  wouUl  coniain.  In  a  prevloua  lecture  (U.  p.  30)  tt 
was  atated  aa  the  reault  of  Boueeingault'a  analyaea.  that  dry  clover  ieod  contained  7  per 
cent  or  nitrogen,  and  the  aame  experteenter  found  m  the  hay  of  red  duver  1|  per  cent,  (or 
70  and  l&lbe.  reapectively  In  1000.) 

The  aeed  as  It  was  weighed  by  Mr.  Smith  would  atlll  contafn  one-ninth  of  Its  w<»i«ht  of 
water,  and,  conaequenlly,  only  6>{rd  per  cent  of  nitrogen,  [nee  Leciiire  II.  p.  30.]  Let  tt 
be  taken  at  &per  cenL  and  let  the  afraie  be  aiappoeed  to  contain  only  1  per  cent,  of  Ditro- 
gen,  the  quantity  of  thia  element  being  found  to  diminiah  iu  the  graaaea  after  the  aeed  has 
lipened,  and  averaging  I  per  cent  in  the  atmw  of  wheat,  oata,  and  barley,  the  weight  of  of> 
Irogen  reaped  In  the  whole  crop  will  then  be  ae  foBows : 

1.  40  cwL  of  hay  (4480  Ibe.)  at  I|  per  cent  of  nitragen.  contain  67  Iba^ 

2.  86  Iba.  of  aeed  at  6  per  cent,  contain 6  Iba. 

a  17cwL3qn.l21baLor20001ba.ofairawatlpereenl.eoalala2Blb& 

Total  nllrofea  In  the  eacees  of  crop,  92  Ibe. 

BiK,  aa  abcrre  ahewn,  the  fire  bsehela  or  fear  ewt.  of  gypeum  could  sk  only  90  Iba.  of  •■»• 
monia  containing  74  Iba.  of  nitrogen,  kaoing,  tker^trt^  m  Urn.  or  omJifth  qf  At  MAole,  la  St 
derived/rom  mme  other  touree. 

Now  tilts  resulf  aappoaee  that  none  of  the  gypeum  or  eulphafe  of  ammonia  waa  carried 
away  by  the  mine,  but  that  the  whole  remained  In  the  aoll,  ana  produced  Itagreatcet  poaaiMs 
effect  on  the  clover-^nd  otf  in  one  ooaoon. 

But  the  effect  of  the  gypaum  does  not  di«iappear  with  the  crop  to  which  it  la  actoally  ap- 

gied.  Ita  beneficial  action  la  extended  to  the  aucceedinv  crop  of  wheat,  and  on  graea  tand* 
e  amelioration  is  visible  for  a  aueCeaalon  of  years.  If,  then,  the  increaaed  produce  of  a 
eingle  year  may  contain  moro  nitrogen  than  the  gypsnm  can  be  sopposed  to  yie*d,  this  aa^ 
ataiice  mast  exercise  some  other  Influence  over  Tegetatfon  than  is  involved  In  iCa  auppoaad 
action  on  the  indefinite  qoantlty  of  anasoeia  In  the  atmoaphere. 

29.  Again,  Blr.  Barnard,  of  little  Bofdeao,  tiania,  applied  2|  ewt  per  acre  on  two-ycnr 
old  aain  foin,on  a  clayey  aolL  The  Increaaed  produce  of  the  first  ruiling  wea  a  ton  per 
acre,  and  in  October  funy  a  ton,  the  undreaaed  part  yielding  acarcely  any  hay  at  all,  wUile 
the  dreaaed  part  gave  l\  tone,  llie  aecand  year  bo  gypemn  waa  applied,  and  the  diflbrencw 
ia  said  to  have  been  at  least  aa  groat 

Suppoaing  the  Increaaed  predoeo  in  all  to  haTO  been  4  lone  of  hay,  and  the  nitrogen  ft  cai». 
tained  to  have  been  only  one  per  cent — ihe  4  tons  (8960  Iha.)  wool*}  contain  about  90  Iba.  of 
BHrogeo.  Bat  2|  ewt  vrould  fix  only  40  Iba.  of  nitrogen  in  the  form  of  ammonia  ;  and  lhen»- 
fore,  auppoaiog  It  to  have  produced  Ita  msximnm  effect,  tAere  remain  44  Ibe.  or  nearfy  oteg 
half  of  the  toAo/a,  ttfiaooowfKed/or  by  the  theory. 

I  would  not  be  umlerstood  to  place  absolute  reliance  on  the  restilrs  of  the  above  experf> 
ments;  but  the  way  in  which  auch  reauha  may  be  easily  applied  for  the  purpose  of  tevtioK 
theoretical  viewa,  wilt,  I  hope,  convince  thfe  intelilxent  pnctical  axriculiurist  how  {mp«>rtant 
It  Im  that  the  rtaalto  of  aome  of  the  experimenta  he  la  every  year  makin«  ahould  be  acd*- 
lately  determined  by  weight  andmeaewe.  JBy  thIa  means  data  wonM  gradiidly  be  acr». 
muiated,  on  which  we  might  hope  to  found  mora  unexceptionable  explanaiiuna  of  the  phe- 
nomena of  vegetatkm,  than  the  reauka  obtained  fai  our  Utbonitoriee  nave  hitherto  enabled 
us  to  advance. 

in  a  aubaeqoenl  note  It  will  be  ahewn  that  the  mode  in  which  the  nltratea  of  aoda  and 


potash  act~in  other  worda,  Ihe  theory  of  their  action  upon  vegetatlon^may  be  tested  by  a 
■Imilar  alraple  calculation,  and  the  unportanee  of  preclae  experimenta  made  on-the  faran 
will  then  still  further  appear.    It  ia  In  the  hope  or  inducing  aome  of  my  readera  to  maktt 


comparative  triala  and  publlah  aoeura/e  reanlta,  that  I  have  Introduced  into  the  Appendix 
(No.  L)  aa  ontilne  of  the  mode  la  which  aoch  ezperimenu  may  moat  uaefnlly  be  perfofttML 
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"wiih  the  ammonia,  and  form  aramoniacal  salts.*     On  the  decern poei- 
f  tion  oftliese  salts  by  lime  or  otherwise — the  organic  acids  which  are  se- 

(  parated  from  them,  are  always  more  advanced  towards  that  state  in 

[  which  they  again  become  fit  to  act  as  food  for  plants. 

8^.  But  the  most  ioterestinff,  and  perhaps  the  most  im])ortant  proper- 
I  ty  of  ammonia,  ia  one  which  I  have  already  had  occasion  to  bring  under 

(  your  notice,  as  possessed  by  water  also,  and  as  peculiarly  fitting  that 

i  nuid  for  the  varied  functions  it  performs  in  reference  to  vegetable  life. 

I  This  property  is  the  ease  with  which  it  undergoes  decomposition,  either 

^     in  tiie  air,  in  the  soil,  or  in  the  interior  of  plants. 
>  In  the  air  it  is  difTused  thmugh,  and  intimately  mixed  with,  a  large 

excess  of  oxygen  gas.  In  the  soil,  especially  near  the  surface,  it  is  also 
continually  in  contact  with  oxygen.  By  the  influence  of  electricity  in 
the  air,  and  of  lime  and  other  bases  in  the  soil,  it  undergoes  a  constant 
though  gradual  decomposition  (oxidation),  its  hydrogen  being  chiefly 
converted  into  water,  and  a  portion  of  its  nitrogen  into  niuic  acid.f 
I  In  the  interior  of  plants  this  and  other  numerous  and  varied  decom- 

positions in  all  probability  take  place. 

The  important  influence  which  ammonia  appears  to  exercise  over  the 
growth  of  plants— the  evidence  for  which  I  shall  presently  lay  before 
you— is  only  to  be  explained  on  the  supposition  that  numerous  .transfor- 
mations of  organic  substances  are  effected  in  the  interior  of  living  vege- 
tables—which transformations  all  imply  the  separation  from  each  other, 
or  the  r«-arrangement  of  the  elements  of  which  ammonia  consists.  In 
the  interior  of  the  plant  we  have  seen  that  water,  ever  present  in  great 
abundance,  is  also  ever  ready  to  yield  its  hydrogen  or  its  oxygen  as  oc- 
casion may  require,  while  these  same  elements  are  ifever  unwilling  to 
unite  again  for  the  formation  of  water.  So  it  is,  to  a  certain  degree, 
with  ammonia.  The  hydrogen  it  contains  in  so  large  a  quantity  is  ready 
to  separate  itself  from  the  nitrogen  in  the  interior  of  the  plant,  and,  in  con- 
cert with  the  other  organic  elements  introduced  by  the  roots  or  «he  leaves, 
to  aid  in  producing  the  different  solid  lx)dies  of  which  the  several  parts 
of  plants  are  made  up»  The  nitrogen  also  becomes  fixed  in  the  coloured 
petals  of  the  flowers,  in  the  seeds,  and  in  other  parts,  of  which  it  appears 
to  constitute  a  necessary  ingredient — passes  olT'in  the  form  of  new  com- 
pounds, in  ihe  insensible  perspiration  or  odoriferous  exhalations  of  the 
plant,— or  returning  with  the  downward  circulation,  is  thrown  off  by  the 
root  into  the  soil  from  which  it  was  originally  derived.  Much  obscurity 
•till  rests  on  the  actual  transformations  which  take  place  in  the  interior 
of  plants,  yet  we  shall  be  able  in  a  future  lecture,  I  hope,  to  arrive  at  a 
tolerably  clear  understanding  of  the  general  nature  of  many  of  them. 

Such  are  the  more  imiX)rtant  of  those  properties  ofnmmonia,  to  which 
we  shall  hereafter  have  occasion  to  advert.  The  sources,  remote  as 
well  as  immediate,  from  which  plants  derive  this,  and  other  compounds 
we  have  described  as  contributing  to  the  nourishment  and  growth  of 
plants,  will  be  detailed  in  a  subsequent  section. 

*  OifuileaciVfrfeneralljp  contain  more  oxygen  in  proportion  to  their  earbon  and  hydro, 
gen,  then  those  which  are  alkaline  or  neutrdL 

t  II  will  be  remembered  that  ammonia  is  repreecnted  by  NH3,  water  by  HO,  and  nitrfo 
Mid  by  NOs.  It  ie  eaey  to  aee,  therefore,  how,  by  means  of  oxygen,  ammonia  Bhonld  bs 
conveited  into  water  and  nitric  acid. 


56  rnonvms  of  nituc  acid. 


$  6.  Nitric  acid,  its  corutittUion  and  properties. 

When  the  nitre  or  saltpetre  of  commerce  is  iotroduced  into  a  retoftf 
covered  with  strong  sulphuric  acid  (oil  of  vitriol*)  and  heated  over  a  lamp 
or  a  charcoal  fire,  red  fumes  are  g^ven  oS^  and  a  transparent,  often 
brownish  or  reddish  liquid,  distils  over,  which  may  be  collected  in  a  bot- 
tle or  other  receiver  of  ^lass.  This  liquid  is  exceedingly  acid  and  cor- 
rosive. In  small  quanuiy  it  stains  the  ski^  and  imparts  a  yellow  coloor 
to  animal  and  vegetable  substances.  In  larger  quantity  it  conodea  the 
skin,  producing  a  painful  sore,  rapidly  destroys  animal  and  vegetable 
life,  and  speedily  decomposes  and  ozidizesf  all  organic  sub^nces. 
Being  obtained  from  nitre,  this  liquid  is  called  nitric  acid.  It  consists  of 
nitrogen  combined  with  oxygen,  one  equivalent  of  the  former  (N)  being 
united  to  5  of  the  latter  (O5),  and  is  represented  by  NO^. 

This  acid  contains  much  oxygen,  as  its  formula  indicates,  and  its  ac- 
tion on  nearly  all  organic  substances  depends  upon  the  ease  with  which 
it  is  decomposed,  and  may  be  made  to  part  with  a  portion  of  this  oxygen. 

In  nature,  it  never  occurs  in  a  free  state ;  but  it  is  fouod  in  many  in- 
tertropical (hot)  countries  in  combination  with  potash,  soda,  and  lime— in 
the  state  of  nitrates.  It  is  an  important  character  of  these  nitrates  that,  like 
the  salts  of  ammonia,  they  are  all  very  soluble  in  water.  Those  oif  so- . 
da,  lime,  and  magnesia  attract  moisture  from  the  air,  and  in  a  damp  at- 
mosphere gradually  assume  the  liquid  form. 

Saltpetre  is  a  compound  of  nitric  acid  with  potash  (nitrate  of  potash). 
It  is  met  with  in  the  surface  soil  of  many  districts  in  Upper  India,  and 
is  separated  by  washing  the  soil  and  subsequently  evaporating  (or  boil- 
ing down)  the  clear  liquid  thus  obtained.  When  pure,  it  does  not  be- 
come moist  on  exposure  to  the  air.  Jt  is  chiefly  used  in  the  manufac- 
ture of  gunpowder,  but  has  also  been  recommended  and  frequently  and 
successfully  tried  by  the  practical  husbandman,  as  an  influential  agent 
in  promoting  vegetation. 

In  combination  with  soda,  it  is  found  in  deposits  of  considerable  Ihick*- 
ness  in  the  district  of  Arica  in  Northern  Peru,  from  whence  it  is  im- 
ported into  this  country,  chiefly  for  the  manufacture  of  nitric  and  sulphu- 
ric acids.  More  recently  its  lower  price  has  caused  it  to  be  extensively 
(employed  in  husbandry,  especially  as  a  top-dressing  for  grass  lands. 
Like  the  acid  itself,  these  nitrates  of  potash  and  soda,  when  present  in 
larse  quantities,  are  injurious  to  vegetation.  This  is  probably  one  cause 
of  the  barrenness  of  the  district  of  Arica  in  Peru,  and  of  other  countriesb 
where  in  consequence  of  the  little  rain  that  falls,  the  nitrous  incrusta- 
tions are  accumulated  upon  the  soil.  In  small  quaniitjr  they  appear  to 
exercise  an  important  and  salutary  influence  on  the  rapidity  of  growth, 
an4  on  the  amount  of  produce  of  many  of  the  cultivated  grasses.  This 
salutary  influence  is  to  be  ascribed,  either  in  whole  or  in  part,  to  the 
constitution  and  nature  of  the  nitric  acid  which  these  salts  contain.    It 

*  Sulphoricacid  is  acompoand  of  oxygen  and  salphur,  which  is  prepared  bj  bornlng  ml- 

{ihur  with  certahi  precautlona  in  laiye  leaden  chambera.  It  ia  alao  obtained  (Vrectly  by  di» 
lUlng  men  vitriol  (aalphate  of  iron)  at  a  high  temperature  in  an  iron  atiU— henee  its  name  oil 
ofvitnoL  It  is  a  heavy,  oily,  acid,  and  remarlcabiy  corroslre  ttqaid.  In  a  concaotraied  Mats 
tt  is  exceedingly  destroctiye  both  to  animal  and  to  ▼egelable  Life. 

t  When  asobstSDce  combines  with  os^^en,  either  in  oonsaqaonM  of  •zposore  to  the  ilr 
or  in  any  other  eircnmsiancas,  it  is  Said  to  booome  osidiMtd. 
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18  chiefly  with  a  view  to  the  explanation  I  shall  hereaAer  attempt  to 
give  of  the  nature  of  this  salutary  action,  that  I  have  tlioueht  it  neces- 
sary here  to  make  you  acquainted  wiA  tliis  a4Ad  compound  of  nitrogen 
and  oxygen^  in  connection  with  the  alkaline  compound  (ammonia)  of  the 
same  gas  with  hydrogen* 

Having  thus  shortly  described  both  the  organic  elemenu  themselves, 
and  such  chemical  compounds  of  these  elements  as  appear  to  be  most 
ooucemed  in  promoting  the  growth  of  |)lants,  we  are  prepared  (or  enter- 
ing upon  the  ooouderatioti  of  several  very  important  questions.  These 
questions  are— 

1°.  From  what  source  do  plants  derive  the  organic  elements  of  which 
they  are  composed  ? 

ip.  In  what  form  do  plants  take  them  up^or  what  proof  have  we 
that  the  compounds  above  described  really  enter  into  plants  ? 

3^.  By  what  organs  is  the  (bod  introduced  into  the  circulation  of 
plants?  In  consequence  of  what  peculiar  structure  of  these  several 
parts  are  plants  enabled  to  take  up  the  compounds  by  which  they  appear 
to  be  fed ;  and  what  are  the  functions  of  these  parts,  by  the  exercise  of 
which  the  food  is  converted  and  appropriated  to  their  own  sustenance 
and  furtlier  crowth? 

4^.  By  what  chemical  changes  is  the  food  aasimUaUd  by  plants, that 
is — after  being  introduced  into  the  circulation,  through  wnat  series  of 
chemical  changes  does  it  pass,  before  it  is  converted  by  the  plant*  into 
portions  of  its  own  substance  ? 

5°.  By  what  natural  laws  or  adaptations  is  the  supply  of  those  com'* 
pounds,  which  are  the  food  of  plants,  kept  up  7  Animals  are  supported 
by  an  unfailing  succession  of  vegetable  crops,-r-by  the  operation  of  what 
invariable  laws  is  food  continually  provided  for  plants  1 

These  questions  we  shall  consider  in  succession 
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floorce  of  tb«  ofganie  elBmenl*  of  plant*— Boaree  of  the  GMtoiH-Fomi  In  which  It  cafan 
Into  Lhf  eirculfttlon  of  plant*— floaroe  of  the  hydroffen— Scarce  of  the  ozyf  en-~6oarce  of 
the  nltroffeo— Form  In  which  nitrof  en  enten  into  the  clrcakdon  of  plani»— Abaoiption  of 
•Bimonia  end  nitric  eeid  bypienle. 

The  first  of  the  series  of  questions  stated  at  tbe  close  of  the  preceding 
lecture,  regards  tbe  source  fiom  which  plants  derive  the  organic  ele- 
ments of  which  they  are  composed.  They  are  supported,  it  is  obvious, 
at  the  conjoined  expense  of  the  earth  and  the  air — liow  much  do  they 
owe  to  each,  and  for  which  elements  are  they  chiefly  and  immediately 
indebted  to  the  soil,  and  for  which  to  the  atmosphere  ?  We  must  fint 
consider  the  source  of  each  element  separately. 

§  1.  Source  of  the  carhon  of  plants. 

We  have  already  seen  reason  to  believe  that  carbon  is  incapable  of 
enterine  directly,  in  its  solid  state,  into  the  cireuladon  of  plants.  It  is 
generauy  considered,  indeed,  that  solid  substances  of  every  kind  are  un- 
fit for  being  taken  up  by  the  organs  of  plants,  and  that  only  such  as  are 
in  the  liquid  or  gaseous  stdte,  can  be  absorbed  by  the  minute  vessels  of 
which  the  cellular  substances  of  the  roots  and  leaves  of  plants  are  com- 
posed. Carbon,  therefore,  must  enter  either  in  the  gaseous  or  liquid 
form,  but  from  what  source  must  it  be  derived  ?  There  are  but  two 
sources  from  which  it  can  be  obtained,— the  soil  ^in  which  the  plant 
grows— and  the  air  by  which  its  stems  and  leaves  are  surrounded. 

In  the  soil  much  vegetable  matter  is  often  present,  and  the  farmer 
adds  vegetable  manure  in  large  quantities  with  the  view  of  providing 
food  for  his  intended  crop.  Are  plants  really  fed  by  the  vegetable  mat- 
ter which  exists  in  the  soil,  or  by  the  vegetable  manure  that  is  added  to 
it? 

This  question  has  an  important  practical  bearing;  Let  us,  therefbrev 
submit  it  to  a  thorough  examination. 

1^.  We  know,  from  sacred  history,  what  reason  and  science  concur 
in  confirming,  that  tliere  was  a  time  when  no  vegetable  matter  existed 
in  the  soil  which  overspread  the  earth's  surface.  The  first  plants  muse 
have  grown  without  the  aid  of  either  animal  or  vegetable  matter— that 
is,  they  must  have  been  nourished  from  the  air. 

2^.  It  is  known  that  certain  marly  soils,  raised  from  a  great  depth 
beneath  the  surface,  and  containing  apparently  no  vegetable  matter, 
will  yet,  without  manure,  yield  luxuriant  crops.  The  carbon  in  such 
cases  must  also  have  been  derived  from  the  air. 

3^.  You  know  that  some  plants  grow  and  increase  in  size  when  sus- 
pended in  the  air,  and  without  being  in  contact  with  the  soil. 

You  know,  also  that  many  plants— bulbous  flower  roots  for  example 
—will  grow  and  flourish  in  pure  water  only,  provided  they  are  open  to 
the  access  of  the  atmospheric  air.  Seeds  also  will  germinate,  and« 
when  duly  watered,  will  rise  into  plants,  though  sown  in  substances 
that  Qontain  do  trace  of  vegetable  matter. 
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Thus  l>e  Saussure  (bund  that  two  beans,  when  caased  to  vegetate  in 
the  open  air  on  pounded  flints,  doabled  the  weight  of  the  car^n  they 
originally  contained. 

Under  dniilar  circumstances  Boussingault  fomd  the  seeds  of  trefoil 
increased  in  weight  2|  times,  and  wheat  gave  f^ants  ecjoal  in  weigfatf 
when  dry,  to  twice  that  of  the  original  grains,  [Ann.  de  Chim.  etde  Phys. 
Ixvii.,  p.  1.]  The  source  of  the  carbon  in  all  these  cases  cannot  be 
doubted.' 

4^.  When  lands  are  impoverished,  you  lay  them  down  to  grass,  and 
the  longer  they  lie  undisturbed  the  richer  in  vegetable  matter  does  the 
Ml  become.  When  broken  up,  yon  find  a  black  fertile  mould  where 
little  trace  of  organic  matter  had  previously  existed. 

The  same  observation  applies  to  lands  long  under  wood.  The  vege- 
table matter  iiKreases,  the  soil  improves,  and  when  cleared  and  plough- 
ed it  yields  abundant  crops  of  com. 

Do  erasses  and  trees  derive  their  cafbon  from  the  soil  ?  Thet),  how, 
by  their  growth,  do  they  increase  the  quantity  of  carbonaceous  matter 
which  the  soil  contains?  It  is  obvious  that,  taken  as  a  whole,  they 
must  draw  from  the  air  not  only  as  much  as  is  contained  in  their  own 
substance,  but  an  excess  also,  which  they  impart  to  the  soil. 

5°.  But  on  this  point  the  rapid  growth  of  peat  may  be  considered  as 
absolntely  conclusive.  A  tree  falls  across  a  little  running  stream,  dams 
up  the  water,  and  produces  a  marshy  spot.  Rushes  and  reeds  spring 
up,  mosses  take  root  and  f:row.  Year  after  year  new  shoots  are  sent 
fcnth,  and  the  old  plants  die.  Vegetable  matter  accumulates ;  a  bog, 
and  finally  a  thick  bed  of  peat  is  formed. 

Nor  does  this  peat  form  and  accumulate  at  the  expense  of  one  spe- 
cies or  genus  of  plants  only.  Latitude  and  local  situation  are  the  cir- 
cumstances which  chiefly  effect  this  accumulation  of  vegetable  matter 
on  the  soil.  In  our  own  country,  the  lowest  layers  of  peat  are  formed 
of  aquatic  plants,  the  next  of  mosses,  anch  the  highest  of  heath.  In 
Terra  del  Fuego,  "  nearly  every  patch  of  level  ground  is  covered  by 
two  species  of  plants  (a;9te!;ia  pt«mi(a  of  Brown,  and  donatia  magellan- 
ira),  which,  by  their  joint  decay,  compose  a  thick  bed  of  elastic  i>eat.** 
**  In  the  Falkland  Islapds,  almost  every  kind  of  plant,  even  the  coarse 
mss  which  covers  the  whole  surface  of  the  island,  becomes  converted 
into  this  substance.*** 

Whence  have  all  these  plants  derived  their  carbon  1  The  quantity 
originally  contained  in  tfie  soil  is,  after  a  lapse  of  years,  increased  ten 
tlionsand  fold.  Has  dead  matter  the  power  of  reproducing  itself  7 
You  will  answer  at  once,  that  all  these  plants  must  have  grown  at  the 
expense  of  the  air,  must  have  lived  on  tne  carbon  it  was  capable  of  af- 
foniing  them,  and  as  they  died  must  have  left  this  carbon  in  a  stale  un 
fit  to  nourish  the  succeeding  races. 

This  reasoning  appears  unobjectionable,  and,  from  the  entire  group  of 
%ets,  we  seem  justified  in  concluding  that  plants  every  where,  and 
under  all  circumstances,  derive  the  whole  of  their  carbon  from  the  at-^ 
mosphere. 

*  DarwM9Remirtkn1mG§obgf  omdNaturM  JlMflrK  pp.MMa    Dr.  Genrllto  tafbrms 
me  iliat  tb«  oaielwx  fcpiiRwehM  iBoro  D«mriy  to  the  jaocss  or  rua%  lr»6t,aod 
^ "       ,tbentoiiiyodksrBi1tfab|ilMilK 
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In  certain  extreme  oiaest  as  in  those  of  plants  growing  in  the  air  and 

in  eoils  perfectly  void  of  organic  matter,  this  conclusion  must  be  abac 
lutely  true.  The  phenomena  admit  of  no  other  interpretation.  But  is 
it  a3  strictly  true  of  the  more  usual  finrms  of  vegetable  life,  or  in  the  or^ 
dinary  circumstances  in  which  plants  grow  spontaneously  Or  are  culti- 
vated by  (he  art  of  man  ?  Has  the  vecetable  matter  of  the  soil  no 
connection  with  the  growth  of  the  trees  or  nerbage  ?— does  it  yield  iheoi 
no  regular  supplies  of  nourishment  ?  Does  naiure  every  where  fonn  a 
vegetable  mould  on  which  her  wild  flowers  may  blossom  and  her  pri- 
meval forests  raise  their  lofty  heads  f  Has  the  agricultural  experience 
of  all  agos  and  of  all  countries  led  the  practical  farmer  to  imitate  natuas 
in  preparing  such  a  soil  ?  Does  nature  work  in  vain  ?-^is  all  this  ex* 
perieoce  to  be  at  once  rejected  ? 

While  we  draw  conclusions,  legitimate  in  kind,  we  must  be  cautious 
how,  in  degree,  we  extend  them  beyond  our  premises. 

The  consideration  of  one  or  two  facts  will  shew  that  our  general  con- 
clusion must  either  be  modified  or  more  cautiously  expressed. 

1^.  It  is  true  that  plants  will,  in  certain  circumstances,  grow  in  a  soil 
containing  no  sensible  quantity  of  organic  matter— but  it  is  also  true, 
generally,  that  they  do  not  luxuriate  or  readily  ripen  their  seed  in  such  a 
soil. 

2^.  It  is  consistent  with  almost  universal  observation,  that  the  same 
soil  is  more  productive  when  organic  matter  is  present^  than  when  it  ia 
wholly  absent. 

3^.  That  if  the  crop  be  carried  ofl*  a  field,  less  organic  matter  is  lell 
in  the  soil  than  it  contained  when  the  crop  began  to  grow,  and  that  by 
constant  cropping  the  soil  is  ffradually  exhausted  of  organic  matter. 

Now  it  must  be  granted  that  lillaae  alone,  without  cropping,  would 
gradually  lessen  the  amount  of  orgamc  matter  in  the  soil,  by  continually 
exposing  it  to  the  air  and  hastening  its  decav  and  resolution  into  gaseous 
substances,  which  escape  into  the  atmosphere.  But  two  years*  open 
fallow,  with  constant  stirring  of  the  land,  will  not  rob  it  of  vegetable 
matter  so  effectually  as  a  year  of  fallow  succeeded  by  a  crop  of  wheat. 
Some  of  tlie^vegetable  matter^  therefore,  which  the  soil  contained  when 
the  seed  was  sown,  must  be  carried  off  the  field  in  the  crop. 

The  conclusion  therefore  seems  to  be  reasonable  and  leeitimafe,  thai 
the  crop  which  we  remove  from  a  field  has  not  deriv^l  all  its  carbon  di- 
rectly from  the  air— but  has  extracted  a  poitioo  of  it  immediately  from 
the  soil.  It  is  to  supply  (his  supposed  loss,  that  the  practical  farmer 
finds  it  necessary  to  restore  to  the  land  in  the  form  of  manure— -among 
other  substances— the  carbon  also  of  which  the  straw  or  hay  had  robbed 
the  soil. 

But  how  is  this  reconcUeable  with  our  previous  conclusion,  that  the 
whole  of  the  carbon  is  derived  from  the  air  ?  The  diificuhy  is  of  easy 
solution. 

A  seed  germinates  in  a  soil  in  which  no  vegetable  matter  exists;  it 
sprouts  vigorously,  increases  then  slowl}r,  grows  languidly  at  the  expense 
of  the  air,  and  the  plant  dies  stunted  or  immature.  But  in  dying  it  im- 
parts vegetable  matter  to  the  soil,  on  which  the  next  seed  thrives  better 
*^rawing  support  not  only  from  the  air,  bat  by  its  roots  from  the  soil 
also.    The  death  of  this  second  plant  enriches  the  soil  further,  and  thus. 
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while  each  macceedmg  plant  m  pardy  iMmri«bed  by  Hood  from  the  earth, 
yet  each,  wbeait  ceases  to  live,  iropans  to  the  soil  all  the  carbon  which 
during  its  life  it  has  extracted  from  the  air.  Let  the  quantity  which 
each  plant  thus  returns  to  the  soil,  exceed  what  it  has  drawn  from  it  by 
only  one  ten-thousandth  of  the  whole,  and^-unless  otiier  causes  inter- 
vene— the  vegetable  matter  in  the  soil  must  increase. 

Thus  while  it  is  strictly  true  that  the  carbon  contained  in  all  plants 
has  &ee»  ariginaUy  derived  from  the  air,  it  is  not  true  that  the  whde  of 
what  is  contained  in  any  one  crop  we  raise,  is  directly  derived  from  the 
armospher»— the  propoction  it  draws  from  the  soil  is  dependent  upon  nu- 
merous and  varied  circumstances. 

The  history  of  vegetable  growth,  therefore— -in  so  far  at  least  as  the 
increase  of  the  carbon  is  concerued— may  be  thus  simply  stated : 

1^.  A  plant  ffrows  partly  at  the  expense  of  the  soil,  and  partly  at  that 
of  the  air.  When  it  reaches  maturity,  or  when  winter  arrives,  it  dies. 
The  dead  vegetable  matter  decays,  a  part  of  it  is  resolved  into  gaseous 
matter  and  escapes  into  the  air,  a  part  remains  and  is  incorporated  with 
the  soil.  If  that  which  remains  be  greater  in  quantity  than  that  which 
the  plant  in  growing  derived  from  the  soil,  the  vegetable  matter  will  in- 
crease; if  less,  it  will  diminish. 

2°.  In  warm  climates  the  decay  of  dead  vegetable  matter  is  more 
npid,  and,  therefore,  the  portion  left  in  the  soil  will  be  less  than  la 
more  temperate  regioos-*in  other  words,  the  vegetable  matter  in  the 
soil  will  increase  less  rapidly— 4t  may  not  increase  at  all. 

3°.  As  we  advance  into  colder  countries,  the  decay  and  disappearance 
of  dead  vegetable  matter,  in  tlie  form  of  gaseous  substances  which  escape 
into  the  atmosphere,  become  more  slow— -till  at  length,  between  the  par- 
allels of  40°  and  45°,  itbegins  to  accumulate  in  vast  quantities  in  favour- 
able situations,  forming  peat  bogs  of  greater  or  less  extent.  While  the 
living  plant  here,  as  in  warm  climates,  derives  carbon  both  from  the 
earth  and  from  the  air,  the  dead  plant,  during  its  slow  and  partial  decay, 
restores  little  to  the  atmosphere,  and  therefore  adds  rapidly  to  the  vege- 
table matter  of  the  soil. 

4°.  Again,  in  one  and  the  same  climate,  the  decay  of  vegetable  mat- 
ter, and  its  conversion  into  gaseous  substances,  is  more  rapid  in  propor- 
tion to  the  frequency  with  which  it  is  disturbed  or  exposed  to  the  action 
of  the  sun  and  air.  Hence  this  decay  may  be  comparatively  alow  in 
shady  woods  and  in  fields  covered  by  a  thick  sward  of  grass ;  and  in  such 
sitnations  organic  matter  may  accumulate,  while  it  rapidly  diminishes 
in  an  uncovered  soil,  or  in  fields  repeatedly  ploughed  and  subjected  to 
fiequent  cropping.* 

Being  thus  fitted,  by  nature,  to  draw  their  sustenance— now  from  the 
earth,  now  from  the  air,  and  now  from  both,  according  as  they  can  most 
readily  obtain  it— plants  are  capable  of  living,— though  rarely  a  robust 
life,— <u  the  expense  of  either.  The  proportion  of  their  food  which  they 
actually  derive  from  each  source,  will  depend  upon  many  circumstan- 
ces—on the  nature  of  the  plant  itself— on  the  period  of  its  growth— on 
the  soil  in  which  it  is  planted— on  the  abundance  of  food  presented  to 

*  Id  mnovioc  •  crop  we  take  away  both  what  Ute  plaate  haTe  received  from  the  earth  aod 
whit  Uiey  bare  alMortMd  from  Uie  ali^~che  materiale,  tn  ehort,  loleaded  by  nature  to  rtatofa 
9m  towofTsietaMe  Butter  ariiiag  from  ttis  ■onml  deeay. 
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either  extremity— on  the  warmth  and  moisture  of  the  climate— on  the  du- 
ralion  and  intensity  of  the  sunshine,  and  other  circumstances  of  a  similar 
kind— so  that  the  only  general  law  seems  to  be,  that,  like  animals,  plants 
have  also  the  power  of  adapting  themselves«  to  a  certain  extent,  to  the 
conditions  in  which  tliey  are  placed  ;  and  of  supporting  life  by  the  aid  of 
such  sustenance  as  may  be  within  their  reach. 

Such  a  view  of  the  course  of  nature  in  the  vegetable  kingdom,  is  con- 
sistent, I  believe,  with  all  known  facts.  And  that  the  Deity  has  bounti- 
fully fitted  the  various  orders  of  plants— >with  which  the  surface  of  the 
earth  is  at  once  beautified  and  rendered  capable  of  supporting  animal 
life— to  draw  their  nourisiiment,  in  some  spc^s  more  from  the  air,  in  oth* 
ers  more  from  the  soil,  is  only  in  accordance  with  the  numerous  provisions 
we  everywhere  perceive,  for  the  preservation  and  continuance  of  the 
present  condition  of  things. 

By  taking  a  one-sided  view  of  nature,  we  may  arrive  at  startling 
conclusions— correct,  if  taken  as  partial  truths,  yet  false,  if  advanced  as 
general  propositions— ahd  fitted  to  lead  into  error,  such  as  have  not  the 
requisite  knowledge  to  enable  them  to  judge  for  themselves— or  such  as, 
doubtful  of  their  own  judgment,  are  willing  to  yield  assent  to  the  author- 
ity of  a  name. 

Of  this  kind  appears,  at  first  sight,  to  be  the  statement  of  Liebig,  that 
'*  when  a  plant  is  quite  matured,  and  when  the  organs  by  which  it  ob- 
tains food  from  the  atmosphere  are  formed,  the  carbonic  acid  of  the  soil 
is  no  further  re(|uired*'— and  that,  **during  the  heat  of  summer  it  derives 
Its  carbon  exclu-tively  from  the  atmosphere."— ^[Organic  Chemistry  ap- 
plied to  Agriculture,  p.  48.] 

A  little  consideration  will  shew  us  that,  while  the  proposition  contained 
in  the  former  quotation  may  be  entertained  and  advanced  asamaUen^ 
o/iiniofi— 4he  latter  is  obviously  incorrect.  In  summer,  when  the  sun 
shines  the  brightest,  and  for  the  greatest  number  of  hours,  the  evapora- 
tion from  the  leaves  of  all  plants  (their  insensible  perBpiraiion)  is  the 
greatest — the  largest  supply  of  water,  therefore,  must  at  this  season  be 
absorbed  by  the  roots,  and  transmitted  upwards  to  the  leaves.— [Lindley's 
Theory  of  Horticulture,  p.  46.] — But  this  water,  before  it  enters  the  roots, 
has  derived  carbonic  acid  and  other  soluble  substances  from  the  air  and 
from  the  soil,  in  as  large  quantity  at  this  period  as  at  jiny  other  during 
the  growth  of  the  plant ;  and  these  substances  it  will  carry  with  it  in  iu 
progress  through  the  roots  and  the  stem. 

Are  the  functions  of  the  root  changed  at  this  stage  of  the  plants* 
growth  7  Do  they  now  absorb  pure  water  only,  carefully  separating  and 
refusing  to  admit  even  such  substances  as  are  held  in  &oluti<m  ?  Or 
do  the  same  materials  which  minister  to  the  growth  of  the  plant  in  its 
earlier  sta;;es,  now  pass  upwards  to  the  leaf  and  return  again  in  the 
course  of  the  circulation  unchanged  and  unemployed,  to  ^  again  re- 
jected at  the  roots  ?  Does  all  this  take  place  in  the  height  of  summer, 
while  the  plant  is  still  rapidly  increasing  in  size  ?  The  opinion  la  nei- 
ther supported  by  facts  nor  consistent  with  analogy. 

But  such  an  opinion,— however  the  words  above  quoted  may  mislead 
somCt — is  not  intended  to  be  advanced  by  Liebig;  for,  in  the  following 
page  he  says,  that  **  the  power  which  roou  possess  of  taking  up  nouridi- 
mem  does  not  cease  so  long  as  nutriment  is  present."    In  aummeri 
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tfaefefiwe,  at  well  as  Id  Bpring  or  io  autumn,  tbe  plaut  must  be  ever  ab* 
lorbing  nourishroent  by  these  roota,  if  the  soil  is  capable  of  afibrdiDg  it— 
and  thus,  in  the  general  vegetation  of  the  globe,  the  increase  of  carbon 
in  growing  plants  must,  at  every  season  of  the  year,  be  partly  derived 
fiom  the  vegetable  matter  of  tbe  soil  in  which  they  grow. 

§  2.  Form  in  uihich  carbon  enters  into  &e  drcukuion  ofplanti. 

Supposing  it  to  be  established  that  tbe  whole  of  the  carbon  contained 
in  plants  has  originally  been  derived  from  the  air«— we  have  only  to  in* 
qvire  in  what  state  this  Element  exists  in  the  atmosphere,  in  order  to ' 
satisfy  ourselves  as  to  the  form  of  combination  in  which  it  is  and  has 
been  fseeived  into  the  circq}atioo  of  plants.  In  considering  the  consti- 
totioD  of  the  atmosphere  in  the  preceding  lecture,  it  was  stated  that  car- 
bonic acid,  a  compound  of  carbon  and  oxygen,  is  always  present  io  it— 
and  that,  though  this  gas  is  diffused  through  the  air  m  comparatively 
small  quantity  only,  yet  it  is  everywhere  to  be  detected,— while  no 
oiber  oompound  of  carm>n  is  to  be  found  in  it  in  any  appreciable  quanti- 
ty. We  must  conclude,  therefore,  that  from  this  gaseous  carbonic  acid 
the  whole  of  the  carbon  contained  in  plants  has  been  primarUy  derived. 
This  conclusion  is  confirmed  by  the  observation  so  frequently  made, 
that  the  leaves  of  plants  in  sunshine  absorb  carbonic  acid,  and  that 
plants  die  in  an  atoKMphere  from  which  this  gas  is  entirely  excluded. 

But  we  have  seen  reason  to  believe  that,  under  existing  circumstan- 
ces, plants  also  extract  a  portion  of  the  carbon  they  contain  from  the 
mil  in  which  they  grow.  In  what  state  or  form  of  combination  do  tbe 
rooU  absorb  carbon  ? 

The  most  abundant  product  of  the  decay  of  vegetable  matter  in  the 
•oil,  is  the  same  cartmnic  acid  which  plants  inhale  so  largely  from  the 
stmosphere  by  their  leaves.  In  a  soil  replete  with  vegetable  matter, 
therefore,  the  roots  are  surrounded  by  an  atmosphere  more  or  less 
charged  with  carbonic  acid.  Hence  if  they  are  capable  of  inhalinff 
gaseous  substances,  this  gas  will  enter  the  roots  in  the  aeriform  state — ^if 
act,  it  must  enter  in  solution  in  the  water,  'which  the  roots  drink  in  so 
Ut^ly,  to  supply  the  constant  waste  caused  by  the  insensible  perspira- 
tioB  of  the  leaves. 

During  the  early  fermentatioD  of  artificial  manures  there  is  also  de- 
veloped b  the  soil  a  variable  proportion  of  Vght  carburetted  hydrogen 
iLectaie  III.,  p.  49),  which  is  supposed  by  some  to  enter  occasionally 
into  die  roots.  That  it  does  enter,  however,  is  doubtful,— and  we  are 
ttfe,  I  think,  in  considering  this  compound  not  only  as  an  uncertain 
">Qrce  of  the  carbon  of  plants,  but  as  one  from  which,  in  the  mostfo- 
Toorable  circumstances,  they  can  derive  only  a  small  supply. 

Thus,  ftom  the  earth  as  from  the  air,  the  most  unfailing  supply  of  food 
IS  tbe  caseous  carbonic  acid. 

^  Bat  as  the  water  passes  through  the  soil  it  lakes  up  inorganic  substan- 
fes—potash,  soda,  lime,  magnesia— and  conveys  them  through  the  roots 
into  the  circulation  of  the  plants.  Can  it  refuse  to  take  up  and  to  perform 
aamilar  office  to  the  soluble  organic  substances  it  meets  with,  as  it  sinks 
through  the  soil  ?  Or  do  the  spoiigioles  of  the  roots  keep  a  perpetual 
^^stcb  overlhe  entering  waters,  to  prevent  the  introduction  of  every  so- 
luble form  of  carbon  but  that  of  carbonic  acid  T    Or,  supposing  suck 


BubetaDcet  iotrodnced  inHo  tbe  iDtaiior  of  the  plant*  azo  none  of  Atm, 
digested  there  and  converted  to  the  general  pnrpoeea  of  fixid  I  A  atate- 
meot  of  two  or  three  focta  will  afiord  a  eatiafactory  reply  to  tbeae  aevecal 
quedtions. 

1^.  When  plants  are  made  to  grow  in  infusiona  of  madder  the  radicle 
fibres  are  tinged  of  a  red  colour. 

2^.  The  flower  of  a  white  hyacinth  becomes  red  after  a  few  houn, 
when  the  earth  in  which  it  is  planted  is  spcinkled  with  the  juioe  of  the 
pkytUaca  decandta  (Biot). 

Therefore  organic  ntbsUmees  can  mter  into  the  roote,  and  (htnet  Mi» 
the  circulation^  of  theplanL 

3°.  The  colour  of  the  madder  does  not  nsoally  extend  upwards  lo 
the  leaves  and  flowers  of  the  plant. 

4°.  The  colour  imparted  to  the  flower  of  the  white  hyadnih  diaq^ 
pears  in  the  sunshine  in  the  course  of  a  few  days. 

Organic  colouring  maUertf  (hereibre^  undergo  a  chemical  dutnge  eiAer 
in  the  stem^  in  tkeltaf,  or  in  the  Jtower-^mxne  sooner,  some  latep— and 
^  the  same  is  probably  the  case  with  most  other  organic  substances  which 
gain  admission  into  the  interior  of  plants. 

5^.  Sir  Humphry  Davy  introduced  plants  of  mint  into  weak  soludoM 
of  sugar,  gum,  jelly,  the  tannine  principle,  dec.,  and  found  that  they 
grew  vigorously  in  aW  of  them.  He  then  watered  separate  spots  of  grass 
with  the  same  several  solutions,  and  with  common  water,  and  found  all 
to  thrive  more  than  that  to  which  common  water  was  applied— while 
those  treated  with  sugar,  gam,  and  eelatine  grew  luxuriantly.*— >[Davy's 
Agricultural  Chemistry,  Lecture  Vl.] 

Therefore  difierent  orgimic  substances— being  introduced  into  the  cir- 
culation and  there  changed— «re  converted  by  plants  into  theii  own  anb- 
stance,  or  act  asfoodf  and  nauri^  the  pLanL 

We  may  consider  it,  therefore,  to  be  satisfactorily  established  that, 
while  a  plant  sucks  in  by  its  leaves  and  roots  much  carbon  in  the  form  of 
carbonic  acid,  it  derives  a  variable  portion  of  its  immediate  sustenance 
(of  its  carbon)  from  the  soluble  organic  substances  that  are  within  readk 
of  its  roots. 

This  fact  is  never  doubted  by  the  practical  husbandman.  It  fonnas 
the  basis  of  many  of  his  daily  and  most  important  operatioos,  while 
the  results  of  these  operations  are  further  proofs  of  the  fact. 

The  nature  of  the  soluble  substances  which  are  formed  during  thed^ 
cay  of  animal  and  vegetable  substances— and  which  the  roots  of  plants 
are  supposed  to  take  up— will  be  considered  in  a  subsequent  lecture** 

§  3.  Source  of  the  hydrogen  ofplanti. 

The  source  of  tbe  hydiopen  of  plants  is  less  doubtful,  and  will  re- 
quire less  illustration,  thiem  the  source  of  the  carbon.  This  elementary 
substance  is  not  known  to  exist  in  nature  in  an  uncombined  state,  and, 
therefore,  it  must,  like  carbon,  enter  into  plants  in  union  with  some  other 
element. 

1°.  Water  has  been  already  shewn  to  consist  of  hydrogen  ia  eombioft- 

*  Thla  ptA  of  th«  mbjeet  might  bsve  been  dlacoMtd  hen  without  appeutng  oql  of  dIms 
—but  It  will  come  In  more  appiopiletely,  I  chiok,  when  treetinf  of  the  nature  and  node  of 
--""1  of  f——^'- 
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Chki  -witb  osygeo.  In  the  form  of  vaponr,  thb  compoooct  pervades  the 
atamphere,  and  plays  among  the  leaves  of  plants,  while  ia  the  liquid 
acate'it  is  diffused  through  the  scm1»  and  is  nnceasingly  drunk  in  by  the 
loots  of  all  living  vegetables.  In  the  interior  of  plants— at  least  during 
their  growth— this  water  is  continually  undergoing  deoomposition,  and 
it  18  unquestionably  the  chief  source  of  the  hydrogen  which  enters  into 
the  constitution  of  their  several  parts.  In  eiplaioing  the  properties  of 
water  I  have  already  dwelt  upon  the  apparent  facility  with  which  its 
elements  are  capable  either  of  separating  rrom,  or  of  re-uniting  to,  each 
other,  in  the  vascular  system  of  animals  or  of  plants.  The  reason  and 
pfTBciee  results  of  these  transformations  we  shall  hereafter  consider. 

2^.  In  light  carbureited  hydrogen  (CH,),  given  oflfas  already  stated 
during  the  decay  of  vegetable  matter,  and  said  to  be  always  present  in 
highly  manured  soils,  this  element,  hydrogen,  exists  to  the  amount  of 
nearly  one-fourth  of  its  weight.  On  the  extem,  therefore,  to  which  this 
gaseous  compound  gains  admission  into  the  roots  of  plants,  will  de- 
peod  the  supptv  of  hydrogen  which  they  are  capable  of  drawing  from 
this  source.  Had  we  satisfactory  evidence  of  the  actual  absorption  of 
this  (marsh)  gas  by  the  roots  or  leaves  of  plants,  in  any  quantity,  we 
should  have  no  difficulty  in  admitting  that  plants  might,  from  this  source, 
easily  ohtain  a  considerable  supply  both  of  carbon  and  of  hydrogen.  It 
would  be  also  easy  to  explain  how  (that  is,  by  what  chemical  changes,) 
It  is  capable  of  being  so  appropriated.  But  the  extent  to  which  it  really 
acts  91^  ibod  to  living  vegetables  is  entirely  unknown. 

3^.  Ammonia  is  another  compound,  containing  much  hydrogen,  [its 
lorniula  being  NH3,  or  one  equivalent  of  nitrogen  and- three  (^hydro- 
gen,] which,'  as  I  have  already  stated,  exercises  a  manifest  influence  on 
the  growth  of  plants.  If  this  substance  enter  into  their  circulation  in 
any  sensible  quantity,— iC  as  sopse  maintain,  it  be  not  only  universally 
dinused  throughout  nature,  but  is  constantly  affecting,  and  influencing  at 
ail  times*  the  universal  functions  of  vegetation-— there  can  be  no  doubt 
that  the  hydrogen  it  contains  must,  to  an  equal  extent,  be  concerned  in 
the  pfodoction  of  the  various  organic  substances  which  are  formed  or 
elahorated  by  the  agency  of  vegetable  life.  How  far  this  probable  in- 
terference of  the  hydn^en  of  ammonia  with  the  funcuons  of  the  vegeta- 
ble organs,  will  tend  to  explain  or  illustrate  the  influence  actually  exert- 
ed  by  this  compound,  we  shall,  by  and  by,  more  accurately  inquire.  In 
the  mean  time,  the  Quantity  of  ammonia,  which  actually  enters  into  the 
eif^eulatioa  of  plants  in  a  state  of  nature,  is  too  little  known,  and  making 
the  laigest  alkywance,  probably  too  minute,  to  permit  us  to  consider  it  as 
an  important  source  of  hydrogen  to  the  general  vegetation  of  the  globe* 

4^-  The  soluble  organic  substances,  which  enter  into  the  circulation 
of  plants  through  the  roots,  as  shewn  in  the  preceding  section,  do  not 
coomt  of  carbon  and  water  only,  but  of  combinations  of  carbon  with 
hydrogen  and  oxygen  in  various  proportions.  From  these  substances, 
therelMe,  plants  derive  an  uncertain  and  indefinite  supply  of  hydrogen 
in  a  state  already  half-organized,  and  probably  still  more  easily  assimi- 
lated or  converted  into  pcwrtioos  of  ibeir  own  substance,  than  when  this 
element  is  combined  with  oxygen  in  the  form  of  water. 

We  may,  therefore,  conclude  senerally  in  regard  to  the  source  of  the 
bydrogso  of  plants— that  though  there  are  ludoubtedly  several  other 
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forms  of  combination  in  which  this  element  may  enter  tnio  tbeif  ciicnlf* 
tion,  in  uncertain  quantity— yet  that  all-pervadtog  water  is  the  main 
and  constant  source  from  which  the  liydrogen  of  Tegetable  sobstanoesii 
derive(i% 

§  4.  Source  of  the  oxygen  of  jdanU. 

We  can  at  once  perceive^  and  without  difficulty,  the  varioas  sources 
of  the  oxygen  of  plants ;  though  it  is  difficult  in  this  case  also  to  say 
how  much  they  derive  from  each. 

1°.  The  water  which  they  imbibe  so  largely  consists  in  great  part  of 
oxygen,  and  is  easily  decomposed,  [eight-ninths  of  the  weight  of  water 
tre  oxyseni]     This  alone  would  yield  an  inexhaustible  supply. 

2^.  The  atmosphere  contains  21  per  cent,  of  its  bulk  of  oxygen,  and 
the  leaves  of  plants  in  certain  circumstances  are  known  to  absfirb  thk 
oxygen.  The  air  in  which  they  live,  therefore,  might  be  another 
source. 

3^.  Carbonic  acid  contains  73  per  cent,  by  weight  of  oxygeo,  and 
this  gas  is  also  known  to  be  absorbed  in  large  quantity  from  the  aimoi- 
phere  by  the  leaves  of  plants— while  its  solution  in  water  is  admitted 
readily  by  the  rrxits. 

From  any  one  of  these  sources  an  ample  supply  of  oxygen  mi^bt 
readily  be  obtained,  and  it  may  be  considered  as  a  proof  of  the  vast  im- 
portance of  this  element  to  the  maintenance  of  animal  and  ve^setable 
life,  that  it  is  everywhere  placed  so  abundantly  within  the  reach  of 
living  beini^a.  It  is  from  the  first  of  these  sources,  however,  from  the 
water  they  contain,  thai  plants  are  believed  to  derive  iheir  principal 
supply.  The  reasons  on  which  this  opinion  is  founded  will  appear 
when  we  shall  have  considered  the  functions  of  the  several  f»arts  of 
plants,  and  die  chemical  changes  to  which  the  fixxi  is  subjected  in  tbs 
course  of  the  vegetable  circulation. 

5  6.  Source  of  the  nitrogen  of  plants. 

The  quantity  of  nitrogen  present  in  plants  is  very  small,  compaied 
with  that  of  any  of  the  other  elements  which  enter  fnto  their  coostiiu* 
tion.  Of  this  yon  vnW  be  reminded,  by  a  reference  to  the  analyses  of 
hay,  oats,  and  potatoes,  exhibited  in  the  second  lecture  (page  30),  which 
shew  that  the  nitrogen  contained  in  these  several  crops,  when  perfecdy 
dried  at  240°  F.,  is  respectively  1|,  2^,  and  1^  per  cent.  In  the  stats 
in  which  they  are  usually  given  to  cattle  they  contain  a  still  leas  per 
centage  of  nitrogen,  iji  conseipieiice  of  the  quantity  of  water  still  present 
in  them.  Thus  raw  potatoes  as  they  are  given  to  cattle  contain  only  } 
of  a  per  cent,  of  nitrogen,  hay  1^  ))er*ceni.,  and  oats  1^*  per  cent.,  or  a 
hundred  pounds  of  each  contain  5  ounces,  I  pound  5  ounces,  and  1  pound 
14  ounces  respectively. 

It  would  appear  at  first  sight  as  if  this  small  quantity  of  nitrogen 
could  be  of  little  importance  to  the  plant,  especially  since,  as  we  shall 
hereafter  see,  it  does  not  enter  as  a  constituent  into  those  vegetable  sub- 
stances, such  as  woody  6hre,  starch,  .«ugar,  and  gum,  which  plants  pro- 
duce in  the  greatest  abundance,  and   of  which  their  own  stems  and 

*  0  33, 1  "fiQ,  ftnd  1  -87  per  cent  — tbe  polatoea  containing  also  7X  por  cent,  of  water,  tho  baf 
l4,andUie<MUi5pero6iit  •*  »-  ,       u^ 
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Inranehes  chiefly  conmt.  The  same  remark,  howeyer,  applies  to  tbis« 
as  to  many  other  caseii  which  present  themselves  to  the  chemist,  during 
his  analyses,  especially  of  organized  substances,— that  those  elements 
'Which  are  present  only  in  small  quantity  are  as  necessary— as  essential 
—to  the  constitution  of  4he  particular  substance  in  which  they  occur,  as 
cither  elements  are  of  which  they  contain  mnch ;  and  that  if  these  small 
quantities  are  removed  or  absent,  not  only  are  the  physical  and  chemi*> 
cat  properties  of  the  substance  materially  altered,  but  it  is  found  also  to 
exercise  a  very  different  influence  on  animal  and  vegetable  life.  This 
latter  observation  will  present  itself  to  you  in  a  very  striking  light,  when 
vre  come  hereafter  to  stud)%  the  nutritive  properties  of  the  several  kinds 
of  fooA  by  which  animals  are  chiefly  supported,— >and  shall  see  on  what 
elementary  body  their  relative  nutritive  properties  depend,  or  by  the 
amount  of  which  their  relative  value  appears  at  least  to  be  indicated. 

Bat  a  consideration  of  the  absolute  quantity  of  nitrogen  contained  in 
an  entire  crop  will  satisfy  yuo  that  though  small  in  comparative  amount, 
[that  is,  compared  with  the  carbon  and  oxygen  which  plants  contain,] 
this  element  cannot  be  without  its  due  share  of  importance  in  reference 
to  vegetable  life.  Hay,  as  above  stated,  contains,  as  it  is  stacked,  1|* 
per  cent,  of  nitrogen,  or  a  ton  of  hay  contains  30  lbs.  of  this  element.  A 
good  crop  of  Iray,  on  land  which  is  depastured  during  the  winter,  will 
amoant  to  2  or  2\  tonsf  per  acre.  Taking  2  tons  as  an  average,  the  hay 
fronn  one  acre  will  contain  60  lbs.  of  nitrogen,  or  from  100  acres  6000  lbs., 
eqaal  to  2|  tons  of  nitrogen. 

Allowing,  therefore,  nothing  for  the  aftermath,  and  supposing  the 
other  crops  to  contain  no  more  nitrogen  than  the  bay  does,  the  farmer  of 
five  hundred  acres  will  annually  carry  into  his  stack-yard  at  least  13 
locis  of  nitrogen  in^he  form  of  hay,  straw,  grain,  and  other  prodocct 

Nature  performs  all  her  operations  on  a  large  scale,  and  the  quamity 
of  materials  she  employs  are  large  in  a  corresponding  degree.  Hence, 
tfaoagh  comparatively  small,  the  nitn^n  in  vegetable  substances  is  aih* 
iobtldy  large.  You  cannot  suppose*  when  viewed  in  this  light,  that 
oitrogen  is  an  element  of  little  consequence  in  reference  to  vegetable 
lile ;  or  that  in  nature  it  should  be  so  constantly  and  universally  dif- 
fused without  reference  to  some  important  end.  If  I  may  be  allowed  a 
fiimiliar  illustration  of  the  mode  in  which  small  quantities  of  matter  will 
aflect  the  sensible  properties  of  large  masses,  I  would  recall  to  your 
minds  the  efiects  of  seasoning  upon  food,  in  imparting,  when  added  in 
sll  quantity  only,  an  agreeable  relish  to  what  would  otherwise  be 


•  IndMferent  eroiw  of  hay  BoumlngmiU  foad(|^iD  three  eereral  jtMXu  the  (bUowiof  pn>- 
puittem  of  Bitrag^n  :— 

Bay,  as  commoDl/  Hay  dried  at 

stacked.  981^  P. 

In  1635  MS  1*04  of  fiilrogen  per  cent 

«  1838  1.8  116  **  »• 

«  18a9  1*  1-3  ««  " 

AAennath  2-4  2^         »  *< 

t  The  R0T.  Mr.  Ocle,  of  Kiffcley,  Northamberiand,  informs  me  that  some  of  hte  land 
near  the  Hall  has  yielded  annually  at  this  fate  for  100  years,  and  without  other  manure'than 
the  droppfofs  from  the  cattle  which  have  fed  upon  it. 

%  This  emran  estimate  ttvee  but  an  inaecnrate  idea  of  the  quantity  actually  contained 
la  some  species  of  crops.  Thus  red  clover  with  the  aid  of  gypsum  will  yield  3  tons  of  hay 
per  acrau  This  hay  contains  more  than  twice  the  quantity  of  nltiogen  (BoussinAuIt)  tiiat 
caaamoBlmy  does,  hence  an  a^raof  sach  hay  would  eootain  at  least  180  lbs.  of  nlirogen. 
(Bse  Lecture  IL,  p^  30.) 
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insipid.  But  I  need  net  dwell  on  this  poiac,  ilnce  I  shall  hereafter  have 
oceasion  io  draw  your  atieotioo  to  oenain  faets  in  reference  to  the  ooo- 
stitution  of  the  atmoephere,  which  will  satisfy  you  that,  by  the  agency 
cf  omtiparatinely  feeble  causes,  gigantic  efiects  are  continually  produced 
in  nature,— and  that  we  can  scarcely  fall  into  a  graver  error  in  reaaoo* 
ing  of  natural  processes,  than  by  orerJooking  the  agency  of  ionn^  of  mat- 
ter which  present  themselves  to  oar  senses  in  nrinute  quantity  only.  In 
reference  to  insect  life  this  truth  has  been  long  established.  In  the  coral 
reefs  you  are  familiar  with  the  wonderful  results  of  the  persevering  la- 
bour of  minute  animals  in  one  element.  When  I  come  to  explain  the 
nature  and  origin  of  soils,  I  shall  have  occasion  to  show  that  even  the 
element  on  which  you  labour-— the  earth,  on  the  cultivation  of  which 

n  thoughts  and  hands  are  daily  employed—is  occasionally  indebted 
ime  ^  its  most  valuable  properties  to  a  similar  agency,  often  an- 
seen  by  you,  and  though  working  for  your  good,  unheeded  and  un- 
thought  of. 

Whence,  then,  is  this  nitrogen  derived  by  plants?  The  primafy 
source  it  is  not  difficult  to  see.  We  can  arrive  at  it  by  a  train  oCreasoit' 
ing  similar  to  that  which  led  us  to  the  atmosphere  as  the  original  source 
of  the  carbon  of  plants.  Nitrogen  does  not  constitute  an  ingredient  of  any 
of  the  solid  rocks, **  nor  do  we  know  any  other  source  than  the  atmoephers 
from  which  it  can  be  obtained  in  very  large  quantity.  It  exists,  as  we 
have  seen,  in  many  vegetables,  and  it  is  more  largely  present  in  animal 
substances,  but  these  organized  matters  must  themselves  have  drawn 
this  element  from  a  foreign  source,  and  the  atmosphere  is  the  only  one 
ftom  which  we  ean  fairly  assume  it  to  have  been  originally  derived. 

But  though  the  nitrogen,  like  the  carbon  of  plants,  may  thus  be  traced 
to  the  atnuwphere— as  its  orginal  source-  it  does  not  follow  that  this 
element  is  either  absorbed  directly  from  the  air,  or,  in  an  uncombined 
and  gaseous  state.  Though  the  leaves  of  trees  and  herbs  are  continually 
surrounded  by  nitrogen,  &e  eonstitutioa  of  plants  may  be  unfitted  for 
absorbing  it  by  their  leaves.  The  nitrogen  may  not  only  require  to  be 
in  a  state  of  combination  before  it  can  enter  into  the  circulation,  but  it 
voBy  also  be  capable  of  gaining  admission  only  by  the  roots.  These 
points  are  considered  in  the  following  section. 

§  6.  Form  in  wkick  the  nitrogen  enten  into  the  eireulation  of  fUmiM* 
The  question  as  to  the  form  in  which  nitrogen  enters  into  the  circula- 
tion of  planu  is  one  which  at  the  present  moment  engages  much  attention. 
tt  will  be  proper,  therefore,  to  discuss  it  with  considerable  care. 

1^.  It  is  considered  an  essential  part  of  good  tillage  to  break  up  and 
loosen  the  soil,  in  order  that  the  air  may  have  access  to  the  dead  vege- 
table matter,  as  well  as  to  the  living  roots  which  descend  to  considerable 
depths  beneath  the  surface.  When  thus  admitted  to  the  roots,  it  is  im- 
possible that  some  of  the  nitro^n  of  the  atmosphere,  as  well  as  some  of 
Its  oxygen,  may  be  directly  absorbed  and  appropriated  by  the  plant. 
To  what  extent  this  absorption  of  nitrogen  may  proceed,  ho\i'ever,  we 

*  Exempt  coal,  and  coal  Itaelf  ft  of  VMetable  oyfglii.  lliroagboQt  all  rocka  In  which  orw 
laole  remaloa  are  foiindf  more  or  leaa  ammal  mauer  containing  nitrogen  to  to  be  mei  with, 
out  theae  remalna  are  onlj  accidentally  preaent,  and  they  nmai  have  derlTed  their  nltrogea 
duiag  Ub,  eithsr  directly  or  lodirecdy,  ftom  Uie  atnoaphere. 
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harp  a*  yet  no  experimental  results  from  which  we  can  form  an^r  esti* 
mate.  Whether  it  takes  place  at  ali  or  not,  is  wholly  a  matter  of  opinion. 

2^ .  The  leaves  of  plants,  as  will  be  more  fully  explained  hereafter,  absorb 
certain  gaseous  substances  from  the  atmosphere,  and  we  might,  therefore, 
expect  that  some  of  the  nitrogen  of  the  air  would,  by  this  channel,  be 
admitted  into  their  circulation.  This  view,  however,  is  not  confirmed 
by  any  of  the  experiments  hitherto  made  with  the  f  iew  of  investigating 
the  action  and  fnnctions  of  the  leaves."  We  are  not  at  liberty,  there- 
fore, to  assume  that  any  of  the  nitrogen  which  plants  contain  has  in  this 
way  been  derived  directly  from  the  air.  It  may  be  the  case ;  but  it  is 
not  yet  proved. 

3^.  There  is  little  doubt,  however,  that  nitrogen  enters  the  roots  of 
plants  in  a  state  of  solution.  But  the  quantity  Uxe^  thus  absorb  is  un- 
certain—it is  supposed  to  be  small,  and  must  be  vanable. 

When  water  is  exposed  to  the  air  in  an  open  vessel  it  gradually  ab- 
sorbs oxygen  and  nitrogen,  though,  as  has  been  stated  in  a  previous  lec- 
ture, in  proportions  difierent  from  those  in  which  they  exist  m  the  atmos- 
phere. The  whole  quantity  of  the  mixed  gases  thus  taken  up  amounts 
to  about  4  per  cent,  of  the  bulk  of  the  water  (Humboldt  and  Gay-Lus- 
sac),  and  in  rain  water  about  f  of  the  whole  consist  of  nitrogen.  One 
httodred  cubic  inches  of  rain  water,  therefore,  will  carry  into  the  soil 
about  2}  iix^hes  of  nitrogen  gas.  But  in  passing  through  the  soil,  the 
water  meets  with  other  soluble  substances  before  it  reaches  the  roots, 
especially  the  deep-seated  roots  of  plants.  It  takes  up  carbonic  acid, 
and  it  dissolves  solid  substances,  and  in  doing  so  it  is  a  property  of  watez 
lo  ^  ve  ofif  a  portion  of  the  other  gases  which  it  had  previously  absorbed 
from  the  air. 

I^t  let  us  suppose  that  rain  water  actually  takes  u>  the  roots,  and  car- 
rier with  it  into  the  circulation  of  the  plant,  2  per  cent,  of  its  bulk  of 
nitrogen,  and  let  us  calculate  how  much  of  the  nitrogen  it  contains  a 
crop  of  bay  could  in  this  way  derive  from  the  air. 

*  See  svttocqueat  lectore  *^  On  the  etmehtre  amdfuntiiom  of  the  m^endprnia  ofpUmtB." 
Tbe  experiments  at>ove  referred  to  were  marie  upon  plenu  growlof  ia  cleae  Teaaels,  the 
■tir  cootained  in  which  wae  measoted  and  examined  (analysed)  boUi  before  the  planta  were 
lairodaced  and  a/ler  they  had  been  some  lime  In  tbe  Teasel  la  these  experiments  the 
buUc  of  the  nitrogen  present  has  sometimes  been  observed  to  loerease,  but  never  to  dimin- 
ith.  In  quantity.  Hie  conelosion  seems  satisfactory,  that  no  nitrogen  is  abstracted  directly 
from  ttke  atmosphere  by  the  leaves  of  plants.  Tel  BoasslngauU'  very  jnsUv  remarks,  that 
a  dbmiootkia  In  the  bulk  of  the  nitrogen  loo  small  to  be  detected  in  the  orainarv  mode  of 
■ukiog  these  experiments,  would  be  sufficient  to  account  fur  a  considerable  portion  of  that 
O0iiiparatively  small  qnantity  of  nitrogen  which  is  present  in  atl  Uvtnc  plants.  While,  Uiere-  , 
iMc,  we  sccord  their  due  weight  to  these  researehes  of  the  vegecabto  phvslokigfsu,  we  are 
Dot  to  eooskler  ihem  as  by  any  means  decisive  of  the  question.  WiUi  this  rational  and  cau^ 
rtous  cmielmiion,  Uebig  fai  not  satisfied ;  he  says,  **  Wo  tiave  not  the  sUglUeet  reason  for  be- 
Boviog  thai  Uie  nitrogen  of  Uie  sunospbere  takes  part  in  the  proceseee  of  asstmilaUon  of  pkuits 
mml  animals ;  ou  itie  contrary,  we  know  that  many  plants  emit  ibe  nitrogen  which  is  ab- 


by  their  roofs  either  )n  the  gaseous  form  or  in  solution  in  water."  (p.  70.)  But  if 
_  ,  .  jcasionally  expire  nitrogen  by  their  leave!«i  why  must  this  oitrocen  tw  encdy  Utat 
p^njQQ  which  has  previously  been  absort>ed  by  the  roots  la  tbe  aacoffloiaed  stats,  and  tiie 


«iaaniity  of  which  Is  so  uncertain  and  so  indefinUe  } 

O  BouMdngaolt  details  a  series  of  experiments  in  the  course  of  which  he  made  peas,  tre- 
foil, wheat,  and  oals,  grow  in  the  same  (jure  siliceous  sand  containing  no  organic  matter,  ajid 
—II  nil  tbem  with  the  same  distilled  water.  The  absolate  quantity  of  nitrogen  increased 
ar  niihlj  io  the  peas  and  trefoil  during  their  growth ;  in  the  wheat  and  oats  no  change  could 
be  delected  by  analysis.  From  these  results  he  is  inclined  lo  infer  that  the  green  leaves  of 
the  former  have  tbe  power  of  wentibfy  absorbing  oiUtigen  from  the  atmocphere,  while  Oiose 
of  the  latter  have  not  this  power—at  least  under  the  clrcnmstaocea  In  which  the  experl- 
MMMs  were  made.  Tiiis  condusiou,  however,  is  not  eeriaimf  as  will  presently  be  abewtL"* 
See  Jan.  dk  Omm.  ef  <fe  JP%s.  IxvU.  p.  1,  and  Ixiz.  p.  aiA] 
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The  quantity  of  rain  that  falls  at  York  from  the  fin^  of  Match  to  dw 
middle  of  June— durioj^  which  time  the  grans  grows  and  generally  ri- 
pens— is  about  five  inches.*  On  a  square  foot,  therefore,  there  fall  720 
cubic  inches  of  water,  containing  2  per  cent,  of  their  bulk,  or  14  cubic 
inches  of  nitrogen,  weighing  4|  grains.  This  gives  28  lbs.  for  the  quan- 
tity  of  nitrogen  thus  brought  to  the  soil  over  an  entire  acre.  But  if  we 
consider  how  the  rain  falls  in  our  climate,  we  cannot  suppose  the  grass 
in  a  field  to  absorb  by  its  roots,  and  afterwards  perspire  by  its  leaves,, 
more  than  one-third  of  the  whole.  This  quantity  would  carry  with  it  9 
lbs.  of  nitrogen  into  the  circulation  of  the  plant»— or  little  more  than  a 
seventh  part  of  the  60  lbs.  which,  as  we  have  seen,  are  taken  off  the 
field  in  a  crop  of  hay. 

Such  a  calculation  as  this  afibrds  at  the  best  but  a  very  rude  approxi- 
mation to  the  truth<^t  seems,  however,  to  justify  us  in  concluding  that 
plants  can  derive  from  the  air,  and  in  an  uncombtned  state,  only  a  small 
portion  of  the  nitrogen  they  are  found  to  contain— and  that  they  proba- 
olyxlraw  a  larger  supply  from  certain  compounds  of  this  elementary  sub- 
stance with  hydrogen  and  oxygen — which  are  known  to  come  within 
the  reach  of  their  roots  and  leaves. 

The  most  important  of  these  compounds,  and  those  perhaps  the  most 
extensively  concerned  in  influencing  vegetation,  are  ammonia  and  nitric 
acid,  the  properties  of  which  have  been  described  in  the  preceding 
lecture,  t 

§  7.  Absorption  of  ammonia  by  plants. 

That  ammonia  enters  directly  into  the  circulation  of  plants  is  ren- 
dered probable  by  a  variety  of  considerations. 

l^.  Thus  it  is  found  to* be  actually  present  in  the  juices  ofmaiiY 
plants.  In  that  of  the  beet-root,  and  in  those  of  the  birch  and  maple 
trees,  it  is  associated  with  cane  supar  (Liebig.)  In  the  leaves  of  the 
tobacco  plant,  and  of  scurvy  grass,  m  elder  flowers,  and  in  many  fungi, 
it  is  in  combination  with  acid  substances,  and  may  be  detected  by 
mixing  their  juices  with  quick-lime.-— [Schubler  Agrietdtur  Chemiit 
IL,  p.  66.] 

2^.  Some  plants  actually  perspire  ammonia.  Among  these  is  the 
Chenopodium  Olidum  (stinking  goosefoot),  which  is  described  by  Sir 
William  Hooker  as  **  giving  out  a  most  detestable  odour,  compared  to 
putrid  salt  fish."  In  the  odoriferous  matter  given  off*  ammonia  is  con- 
tained, and  may  be  detected  by  putting  a  glass  shade  over  the  plant, 
and  after  a  time  introducing  a  feather  moistened  with  vinegar  or  dilute 
muriatic  acid. — [Chevalier  Jour,  de  Pharm.  X.,  p.  lOO.l  It  ia  also  pre- 
sent in  the  odoriferous  exhalationsof  many  sweet-smelling  plants  and 
flowers. — [Schubler,  I.,  p.  152.] 

3^.  Nearly  all  vegetable  substances,  when  distilled  with  water,  yield 
an  appreciable  quantity  of  ammonia.     Thus  the  leaves  of  hyssop,  and 

*  The  reaalt  of  experiments  made  In  1834  by  Prof.  PhiDlne  and  Mr.  Edward  Gray.  !%• 
mean  aonoal  fiJl  of  rain  at  York  la  about  22  iochea.— <Bee  fillh  Report  of  the  Brttlah  A«ocla> 
lion,  p.  17a) 

t  ttwIU  be  recollected  that  ammonia  conaiats  of  one  eqniTalent  of  nltrocen  (N)  milted  to 
three  of  hTdrogen  (HsX  being  repreaented  bj  NHs ;  and  that  nitric  acid  conaiaU  of  one  of  Hi- 
Uroseo  (N)iad  fiw  of  oiyien  (OS),  Its  formal^  being  NOft— Bee  Leclura  m.,  p.  31 
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the  flow«n  of  the  lime  tree,  yield  daidlM  water*  in  which  ammonia 
can  be  detected  (Schiibler),  the  seed*  of  plants  thue  distilled  yield  it  in 
abandance  (Gav'-Luasac)!  and  traces  of  it  may  be  foaod  in  most  vege- 
table extracts  (Liebig). 

4^.  Ammonia  is  also  giren  o(£,  among  other  products,  when  wood  is 
distilled  in  inm  retorts  for  the  manotetnre  of  pyroligneous  acid,  and  by 
a  mmilar  treatment  it  may  be  obtained  from  many  other  vegetable  sab- 
atances. 

The  above  facts,  however,  are  not  to  be  considered  as  proofi  that  am« 
nxmta  entea  dhrectly  into  the  circulation  of  plants  either  by  their  roots 
or  by  their  leaves.  Tbat  which  is  associated  with  sugar  in  the  beet,  may 
bave  been  formed  by  the  same  cooveitlng  power  whichf  in  the  idterior 
of  the  plant,  has  pfoduced  the  sugar  from  carbonic  acid  and  water.  So, 
tbat  exhaled  by  tne  leaves  of  the  gooeeibot,  which  grows  in  waste  places, 
especially  near  the  sea,  may  have  been  product  during  the  upward 
flow  of  the  sap  or  during  its  passage  over  the  leaf.  And  we  kwno  that 
the  nitrogen  does  not  exist  in  the  state  of  ammonia  in  the  seeds  of  plants^ 
«ir  io  wood,  or  in  ooal-*-though  firom  all  of  them  it  may  be  obtained  by 
tbeprocesses above  described. 

The  production  of  ammonia,  by  the  agency  of  a  high  temperature, 
may  be  illustrated  by  a  very  familiar  experiment  oflen  performed,, 
though  for  a  very  different  purpose.  The  juice  and  dried  leaf  of  tobac- 
co contain  nitre  (nitrate  of  potash)  and  a  liUU  ammonia.  But  when 
tobacco  is  burned,  ammonia  m  sensible  quantity  is  given  off*  along  with 
the  emoke,  chiefly  in  the  state  of  carbonate  of  ammonia.  This  may  be 
•hown  by  bringing  a  lighted  cigar  near  to  reddened  litmus  paper,  when 
the  blue  colour  will  be  restored ;  or  to  a  red  rose,  when  the  leaves  will 
become  green ;  or  to  a  rod  dipped  in  vinegar  or  in  dilute  muriatic  acid, 
when  a  white  cloud  will  appear. — [Runge,  EinUitung  in  die  tedmitdie 
Ckenue^  p.  375.] 

In  this  case  a  portion  of  the  ammonia  given  off*  by  the  tobacco  has 
most  probably  been  formed  during  the  combustion,  at  the  expense  of  the 
nitrogen  contained  in  the  nitrate  of  potash  which  is  present  in  the  leaf. 

5^.  But  there  are  other  circumstances  which  are  strongly  in  favour  of 
the  opinion,  that  ammonia  not  unfrequently  does  enter,  as  such,  into  the 
circulation  of  plants. 

Thus  it  is  proved,  by  long  experience,  that  plants  grow  most  rapidly 
and  most  luxuriantly  when  supplied  with  manure  containing  substances 
of  animal  origin.  These  substances  are  osually  applied  to  the  roots  or 
leaves  in  a  state  of  fermentation  or  decay,  during  which  they  always 
evolve  ammonia.  Putrid  urine  and  night-soil  ar^  rich  in  ammonia, 
and  they  are  among  the  most  efficacious  of  manures.  This  ammonia 
is  supposed  to  enter  into  the  circulation  of  plants  along  with  the  water 
absorbed  by  their  roots,  and  sometimes  even  by  the  pores  of  their  leaves. 
We  can  scarcely  be  said  to  have  as  yet  obtained  decisive  proof  that  it 
does  so  enter,  but  probabilities  are  strongly  in  favour  of  this  supposition ; 
and  when  we  come  hereafter  to  consider  minutely  the  mode  io  which  it 
ia  Hkelv  to  act,  when  within  the  plant,  we  shall  find  the  probabilities 
derived  from  practical  experience  to  be  strengthened  by  the  deductions 
of  thec^. 

Biic  thoogb  the  facu  so  long  observed  in  reference  to  the  action  Ji  an- 
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imal  mamires  upon  Tegetacion,  jiMlify  os  io  believing  that  nmncmki 
actually  eoten  into  the  roots,  and  perhape  into  4he  leaves,  of  plant»"-wtt 
ought  not  hastily  lo  conclude  that  all  the  nitrogen  which  plants  are  ca« 
pable  of  deriving  from  decaying  animal  matter  muH  enter  into  their  cir- 
culation in  the  form  of  ammonia*  Other  soluble-  compounds  containing 
nitrogen  are  formed  during  the  dec^  of  animal  substances— they  ac- 
tually exist  largely  in  the  liquid  manuras  of  the  stable  and  fold-yard* 
and  they  can  scarcely  fail«  when  applied  to  the  soil,  to  be  to  a  certain 
extent  absorbed  by  the  roou  of  planHir  This  wea  is  a  sabstance  con- 
taining much  nitrogen,  which  exists  in  the  urine  or  excrements  of  most 
aniRMls,  and  by  its  decomposition  produces  carbonate  of  amoumia. 
But  being  very  soluble,  this  substance  may  enter  directly  into  the  rootSf 
and  may  be  there  deccMnposed,  and  made  to  gfve  up  its  nitrogen  to  the 
living  plant.  To  other  compouiid  substances  of  ammal  origin  the  same 
observation  may  apply,*-<-so  that  while  the  fact,  that  animal  manure  in 
a  state  of  fermentation  is  very  beoeBcial  to  vegetation^  may  be  consid- 
ered as  rendering  k  highly  probable  that  the  amraooia  whicfh  such 
manure  contains,  enters  directly  and  supplies  much  niuogen  to  t^e 
growing  plants,  it  roust  not  be  entirely  lefl  out  of  view  that,  in  nature*  a 
portioD  of  the  nitrogen,  derived  from  animal  subatasces,  may  be  ob- 
tained immediately  botn  other  eompoands  in  which  ammonia  does  not 
exist. 

To  what  amount  ammonia  actually  enters  into  the  circulation  of 
plants,  or  how  much  of  the  nitrogen  they  contain  it  actually  suppliesr 
we  have  no  means  of  ascertaining.  Were  it  abundantly  present  in  iher 
soil,  its  great  solubility  would  enable  it  to  enter,  with  the  water  aboorbed 
by  tlie  roots,  io.alroost  unlimited  quantity.  In  a  subsequent  section  wo 
shall  consider  the  conditions  under  which  ammonia  is  produced  in  nature* 
the  comparadve  abundance  in  which  it  exisu  on  the  earth's  surface* 
and  the  extent  of  the  influence  it  may  be  supposed  to  exercise  on  thcr 
general  vegetation  of  the  globe. 

§8.  Absorption  of  nitric  acid  hf  plants. 
1^.  That  ammonia  is  actually  present  in  the  juices  of  many  living 
vegetables  has  been  adduced,  as  a  kind  of  presumptive  evidence,  that 
this  compound  is  directly  absorbed  by  plants.  A  similar  presumption 
is  offered  in  favour  of  the  direct  entrance  of  nitric  acid,  by  its  invariable 
presence  in  combination  with  potash,  soda,  lime,  or  magnesia,  in  the 
juices  of  certain  common  and  well  known  plants.  Thus  it  is  snid  to  be 
always  cootatoed  in  the  juices  of  the  tobacco  plant,  of  the  sunflower*  of 
the  gooeefoot,f  and  of  common  borage.  The  nettle  is  also  said  to  con- 
tain it,  and  it  has  been  detected  in  the  grain  of  barley.lt  It  exists  pro- 
bably io  the  juices  of  many  other  plants  io  which  it  has  not  hitherto 

*  Thus  ft  msy  b«  appIFed  more  aironfTy  to  the  tUppurte  acid,  which  extet*  Id  the  nrfne  of 
the  hone,  and  ocher  hArMrorMW  anliMLtt.  Thle  ecld  decnmpoeea  nUumlly  Into  tenrate 
aad  and  anmooia.  The  eweet-ecented  ywua^mm  iAnthosanthum  OdonOumy  bj  which 
heT  is  prrfitmed,  owes  fta  agreeeMe  odoor  to  the  presence  of  this  denxoie  add.  It  mij, 
therefore,  be  sopp^eed  that,  where  cattle  nntf  horaee  erase,  the  grusee  aetnallf  abmrh  thn 
k^mtrie  acid  contained  In  the  orlne,  which  reaches  their  ruota,  decompoae  k  as  It  aseeadn 
wlui  the  sap,  appropriate  Um  nitrofen,  and  exhale  the  odoriferous  benzoic  acid. 

t  Chenopodiufnj  probablf  in  all  (he  species  of  this  genus.— Bee  Liebig,  p.  83. 

t  Grtoenthwaite  (iVe»  TVciy  qf  4yrfeirfftpis,  p.  106)  says^  It  Is  always  presest  In  bailey  to 
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beea  sou^  for.  Were  we,  therelbre,  entided,  from  tfae  mere  preeence 
of  this  acid  in  plants,  to  infer  that  it  ^faad  really  entered  by  their  roots  or 
leayes,  we  sfagald  have  no  hesicatioD  in  drawing  our  conclusion.  But, 
like  ammonia,  it  may  bare  been  fomied  in  the  interior  of  the  living  ve- 
getable ;*  and  hence  the  fact  of  its  presence  proves  nothing  in  regfu^  to 
the  state  in  which  the  nitrogen  it  contains  entexed  into  the  circulation  of 
€he  plant. 

2^.  But  nitric  acid,  like  anunotita,  exerts  a  powerfol  infloence  on  the 
tgtowinf  ccop,  whether  of  corn  or  of  grass.  Animal  matters,  as  we  have 
aeen,  give  off  ammonia  dnring  their  decay,  and  manures  are  rich  and 
efficacious  in  proportioD  to  the  quaatity  of  animal  manure  they  contain. 
The  crop  produced  also  is  valuable  and  rich  in  nitrogen  in  like  propor- 
tion. Therefore,  as  already  stated,  it  is  inferred  that  ammonia  enters 
directly  into  the  living  plant,  and  supplies  it  with  nitrogen. 

The  eflfect  of  nitric  acid  is  similar  in  kind,  and  perhaps  equal  in  de- 
gree. Applied  to  the  young  grass  or  sprouting  shoots  of  grain,  it  has- 
tens and  increases  their  growth,  it  occasions  a  larger  produce  of  grain, 
and  this  grain,  as  when  ammonia  is  employed,  is  richer  in  gluten,  and 
more  nutritious  in  its  quality.f  An  equal  breadth  of  the  same  field 
yields  a  heavier  produce,  and  that  produce,  weight  for  weight,  contains 
more  when  saltpetre  or  nitrate  of  soda  have  been  applied  in  certain 
quantities  to  the  young  plants  which  grow  upon  it.  It  is  reasonable  to 
eonclade,  therefore,  tluit  the  acid  of  t^B  nitrates,  in  some  form  or  other, 

*  When  the  beet-root  arrfyes  at  matnritf,  the  ff^or  begkia  to  diminish,  and  aaltpetre  or 
other  nimtee  (o  be  formed,  probably  at  the  ezpeoae  of  tne  ammoola  which  the  Juice  pre- 
vtooaly  eontained.— Decroizellii^owr.  de  Phar.,  X.,  p.  4S. 

t  The  aiialofooa  eflbcte  ofammimiaeal  aiaaiires  and  of  the  nltntes  on  the  relative  qoan- 
dtiee  ofrkUen  and  starch  In  grain,  are  shown  by  the  IbUowing  ezperimenis : 
Hermbstaedt  sowed  equal  quantities  of  the  same  wheat,  on  equal  plots  of  the  same  ground, 
"  and  manured  them  with  equal  weighu  of  diffbrent  manuree.   Then  from  100  parts  of  esch 
•ample  of  grain  pnidaeed,  be  obtained  slereh  and  gloCen  In  the  following  proportions : 

Gluten.  Starch.  Produce. 

Without  manure 94  66-7  8  fold. 

WItb  Tegetable  manure  (ratted 

potatoe  haulm) 9*6  66*94  6    <* 

mh  cow  dung 12-0  62-3  7    ** 

With  pigeons' dung 12^  88-2  9    " 

Withboqwdnng 137  61-64  10    ** 

With  goats' dung 82-9  4S4  12    *« 

With  sheep  dung •    83-9  42  S  12    » 

With  dried  olght-soll 8314  41-44  14    « 

With  dried  oxblood 34^  413  14    « 

With  dried  human  urine    •.•861  89-3  12    ^ 

The  manures  employed  by  Hermbstaedt  are  smpptrnd^  during  fermentation,  lo  evolve 
ammonia  in  the  order  in  which  they  are  here  placed,  bcgtnninc  at  the  top  of  the  llM; 


while  the  amount  and  kfnd  of  the  produce  obtained  by  the  use  of  each,  ailbrd  ihe  chief  evl. 
denee  In  favour  of  the  opinion  that  this  ammonia  aetiMlIy  enters  Inio  and  yields  nttrogen  to 
the  plant 

Mr.  Hyett  found  in  ilour  raised  on  two  patches  of  the  ssme  land  in  Gloucestershire,  the 
«M  dressed  with  nitrate  of  soda,  the  other  undressed,  the  foUowing  proportions : 

Olnten.  Sisrch. 
In  the  nitrated    •    •    •    23'a6  49*6 
In  the  nnnitrated     •    •    19'  56*5 
And  Bfr.  Paubeny,  [Three  Leetitree  on  AgrtevAtm^  p.  7«,]  in  flour  fmm  wheat  top-drassed 
with  saltpetre,  found- 
In  the  nitrated    15  per  cent  of  gluten. 

in  the  unnltnted    ....    13       **  " 

These  diflTerenees  are  not  so  striklnc  as  in  the  case  of  ammonia,  bnt  they  are  precisely 
ike  eame  in  kind,  and  lead  ro  the  sajne  general  conclnslon  In  regard  to  the  nature  of  the  to* 
anenee  of  the  oitnites  on  v(>g«iation.  Accurate  and  repeated  experiments  on  the  precise 
ttpKtu  of  the  nttraies  are  stiu  much  to  be  desired. 

t^aehiibier.    anrndetUrndtr  AgrfaOtm' OkmiB,TLp,  170.} 
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is  capable  of  entering  into  die  circnlatioii  of  living  planta-and  of  yield- 
ing to  them,  in  whole  or  in  part,  the  nitrogen  they  contain. 

nut  here,  again,  as  in  the  case  of  ammonia,  we  are  at  faiik  in  regna 
to  the  quantity  of  nitrogen  which  plants  in  a  state  of  nature  actinillY 
derive  from  miric  acid  or  the  nitrates.  The  compouodsof  this  acid  win 
potash,  soda,  lime,  and  magnesia  (the  nitrates  of  these  substances),  are 
all  very  soluble  in  water.  The  quantity  of  this  fluid,  tfierefore,  whidi 
enters  by  the  roots  of  plants,  anUd  easily  convey  into  their  circulation 
fiir  more  of  these  nitrates  than  would  be  aione  saiiicient  to  supply  tfaa 
whole  of  the  nitrogen  they  require— for  the  formation  of  ail  their  parts 
and  products.  But  so  it  might  of  ammonia  or  its  salts,  as  has  already 
been  shown.  I  shall  hereiiter  lay  before  you  certain  considerations 
which  may  probably  lead  us  to  approximate  conclusions  in  regard  to 
the  relative  influence  eiarciaed  by  these  two  compounds  on  the  general 
vegetation  of  the  globe. 

C(m(^tmon«.— Respecting  the  form  in  which  nitrogen  enters  into  the 
ciroulatioD  of  plants,  we  have  therefore,  I  think,  foirly  arrived  at  these 
deductions: 

1^.  That  the  nitrogen  of  the  atmosphere  may,  to  a  small  extent,  enter 
directly  into  the  living  vegetable  either  in  the  form  of  gas  or  in  solution 
in  water,  but  that  supposing  nitrogen  to  be  in  this  way  appropriated*  by 
the  plant,  the  quantity  so  taken  up  could  form  only  a  small  quantity  of 
that  which  vegetables  actually  contain. 

2^.  That  ammonia  is  capable  of  entering  into  plants  in  very  large 
quantity,  and  of  yielding  nitrogen  to  them,  and  that  in  European  i^gri- 
culture,  which  employs  fermenting  animal  manure  as  an  imporuml 
means  of  promoting  vegetable  growth,  it  does  appear  to  yield  lo  cultiva* 
ted  plants  a  considerabre  portion  of  the  nitrogen  they  contain. 

3^.  That  nitric  acid,  in  like  manner,  is  capable  of  entering  into  and 
giving  up  its  nitrogen  to  plants;  and  that  where  this  acid  is  employed  as 
an  instrument  of  culture,  the  crops  obtained  owe  part  of  their  nitrogen 
to  the  quantity  of  this  compound  which  has  been  applied  to  the  grow- 
ing plants.  The  same  inference  may  fbirly  be  drawn  in  regard  to  the 
effect  of  nitric  acid — when,  in  the  form  of  nitrates,  it  exists  or  ia  pro- 
duced naturally  in  the  soil. 

4^.  That  other  compound  bodies,  such  as  are  contained  in  urine,  or  are 
produced  during  the  oecay  of  animal  matter,  may  also  enter  into  the 
circulation  of  plants,  and  yield  nitrogen  to  promote  their  growth. 

On  the  whole,  however,  there  seem  strong  reasons  for  believing  that 
plants  are  mainly  dependent  on  ammonia  and  nitric  acid  for  the  nitro- 
gen they  contain ;  and  tliat  they  obtain  it  most  readily,  and  with  least 
tabaWf  so  to  speak,  from  these  compounds, — though  nature  has  kindly 
fitted  them  for  deriving  a  stinted  supply  from  other  sources,  when  these 
substances  are  not  present  in  sufficient  abundance. 

£}ow  far  each  of  these  compounds  is  employed  by  nature,  as  an  in- 
strument in  promoting  the  general  vegetation  of  the  globe,  will  be  con- 
sidered in  a  subsequent  lecture. 

'  UeMf  aiMl  others  mj  that  pteots  are  incaptMi  of  appropriatlnf  or  antmnaUof  the  Dttm 
gen  whkh  encen  Into  Uiair  ckoutaoloa  la  the  elinple  suae.  Vft  thail  cooatder  this  qiM»> 
uoA  hereefter. 


LECTURE  V. 

tbm  doM  the  food  enter  Into  the  ctrenktioii  of  pUnte— Btrncture  of  (he  Mrenl  parti  of 
pleAl»— FODCtioiie  of  the  root— Coutm  of  the  eap— Cause  of  Its  aaceDtr-FiuictioDs  ot 
the  atem— of  the  leavee— and  of  the  bark— Circomalaacea  by  which  the  ezerdae  of  these 
Ihnetions  is  modified. 

HAYiifO  now  taken  a  general  view  of  the  source  from  which  plants 
derive  the  elementary  substances  of  which  their  solid  parts  consist,  and  of 
the  states  of  combination  in  which  these  elements  enter  into  the  vegeta- 
ble circulation, -^the  next  step  in  our  inquiry  i^~^how  are  these  sutetan- 
ces  admitted  into  the  interior  of  living  plant&-^and  under  what  condi- 
tions or  regulations  ?  We  are  thus  led  to  study  the  structure  and  func- 
tions of  the  several  parts  of  plants,  and  the  circumstances  by  which  the 
exercise  of  these  functions  is  observed  to  be  modified. 

§  1.  Oeneral  structure  of  plants,  and  of  their  several  parts. 

Plants  consist  essentially  of  three  parts— the  roots,  the  stem,  and  the 
leaves.  The  former  spread  themselves  in  various  directions  through 
the  soil,  as  the  latter  do  throueh  the  air,  and  the  stem  is  dependent  for  its 
food  and  increase  on  the  rapidity  with  which  the  roots  shoot  out  and  ex- 
tend, and  on  the  number  and  luxuriance  of  the  leaves. 

We  shall  obtain  a  clearer  idea  of  the  relative  structure  of  these  several 
parts  by  first  directing  our  attention  to  that  of  the  stem. 

The  stem  consists  apparently  of  four  parts— the  pith,  the  wood,  the 
bark,  and  the  medullary  rays.  The  pith  and  the  medullary  rays,  how- 
ever, are  similarly  constituted,  and  are  only  prolongations  of  one  and 
the  same  substance.  The  pith  forms  a  solid  cylinder  of  soft  and  spongy 
matter,  which  ascends  through  the  central  part  of  the  stem,  and  varies 
in  thickness  with  the  species  afid  with  the  age  of  the  trunk  or  branch. 
The  wood  surrounds  the  pith  in  the  form  of  a  hollow  cylinder,  and  is  itself 
covered  by  another  hollow  cylinder  of  bark.  In  trees  or  branches  of 
coDfliderable  age  the  wood  consists-of  two  parts,  the  oldest  or  heart  toood^ 
often  of  a  brownish  colour,  and  the  newer  external  wood  or  aUtu/mum^ 
which  is  generally  softer  and  less  dense  than  the  heart  wood.  The  bark 
also  is  easily  separated  into  two  portions,  the  inner  bark  or  liher,  and 
the  epidermis  or  outer  covering  of  the  tree.  The  pith  and  the  bark  are 
connected  together  by  thin  vertical  columns  or  partitions,  which  inter- 
sect the  wood  and  divide  it  into  triangular  segments.  A  cross  section 
of  the  trunk  or  branch  of  a  tree  exhibits  these  thin  columns  extending 
in  the  form  of  rays,  o^  like  the  spokes  of  a  wheel,  from  the  centre  to 
the  circumference.  Though  they  form  in  reality  thin  and  continuous 
vertical  plates,  yet  from  the  appearance  they  present  in  the  cross  sec- 
tion of  a  piece  of  wood,  they  are  distinguished  by  the  name  of  medulla- 
ry rays. 

These  several  parts  of  the  stem  are  composed  of  bundles  of  small 
mbes  or  hollow  cylindrical  vessels  of  various  sizes,  and  of  diflferent 
kinds,  the  stractuze  of  whiiph  it  is  unnecessary  for  us  to  study.    They 
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are  all  intended  tg  ooDtain  liquid  and  gaseous  substances,  and  to  convey 
them  in  a  yeitical,  and  sometimes  in  a  horizontal,  direction.  Tiie 
tubes  which  compose  the  wood  and  bark  are  arranged  vertically,  as  may 
readily  be  seen  on  examining  a  piece  oF  wood  even  with  the  naked  eye, 
and  are  intended  to  convey  Die  sap  upwards  to  the  leaves  and  down- 
wards to  the  roots.  Thuse  of  which  the  pith  and  medullary  plates  con- 
sist are  arranged  horizontally,  and  appear  to  be  intended  to  maintain  a 
lateral  intercourse  between  the  pith  and  the  bark— perhaps  even  to  place 
the  heart  of  the  tree  within  the  influence  of  the  eiLtemal  air. 

The  root,  though  prior  in  its  origin  to  the  stem,  may  nevertheless  lor 
the  purpose,  of  illustration  be  considered  as  its  downward  and  lateral 
prolongation  into  the  earth— as  the  branches  are  its  upward  prolonga- 
tion into  the  air.*  When  they  leave  the  lower  part  of  the  trunk  of  the 
tree,  they  differ  little  in  their  internal  structure  from  the  stem  itselil 
As  they  taper  oflT,  however,  first  the  heart  wood,  then  the  ])ith,  gradual- 
ly disappear,  till,  towards  ilieir  extremities,  they  consist  only  of  a  soft 
central  woody  part  and  its  coveriogof  sof\  bark.  These  are  connected 
with,  or  are  respectively  prolongauons  of,  the  new  wood  and  bark  of  the 
trunk  and  branches.  At  the  extreme  points  of  the  roots  the  bark  be- 
comes white,  soft,  spongy,  and  full  of  pores  and  vessels.  It  is  by  these 
spongy  extremities  only,  or  chiefly,  that  liquid  and  gaseous  substances 
are  capable  either  of  entering  into,  or  of  making  their  escape  from,  the 
interior  of  the  root. 

The  branches  and  twigs  are  extensions  of  the  trunk ;  and  of  the 
former,  the  leaves  may  be  considered  as  a  still  further  extension.  The 
fibres  of  the  leaf  are  minute  ramifications  of  the  woody  matter  of  the 
twigs,  arc  connected  through  them  with  the  wood  of  the  branches  and 
stems,  and  from  this  wood  receive  the  sap  which  they  contain.  The 
green  part  of  the  leaf  may  be  considered  as  a  special  expansion  of  the 
bark,  by  which  it  is  fitted  to  act  upon  the  air,  in  the  same  way  as  the 
spongy  mass  into  which  the  bark  is  changed  at  the  extremity  of  the  root, 
is  fitted  to  act  upon  the  water  and  other  substances  it  meets  with  in  the 
soil.  For  as  the  fibres  of  the  leaf  are  connected  with  the  wood  of  the 
stem,  so  the  green  part  of  the  leaf  is  connected  whh  its  bark,  and  from 
this  green  part  the  sap  first  begins  to  descend  towards  the  foot. 

§  2.  71ie  functions  of  the  root. 
The  position  in  which  the  roots  of  plants  in  their  natural-state  are  ge- 
nerally placed,  has  hitherto  prevented  their  functions  from  being  so  ac- 
curately investigated  as  those  of  the  leaves  and  of  the  stem.    \Vhile, 
therefore,  the  main  purposes  they  are  intended  to  serve  are  universally 

*  The  eorrectneM  of  thia  comparison  la  proveil  by  the  fact  that,  In  many  treea.  the  brandi 
If  planted  wtU  1>ecome  a  root,  and  the  root,  if  cxpoaed  tn  the  air,  will  gradually  be  tran** 
formed  Into  a  branch.  The  banana  in  the  foreat,  and  the  carrant  tree  in  our  nurdens,  art 
fiimillar  inatancea  of  treea  apontaneously  plantina  their  branchea,  and  causing  tnem  to  per* 
form  the  fbnctlona  of  roota.  In  like  manner.  "  if  the  atom  of  a  youns  plum  or  cherry-tree, 
or  of  a  willow,  be  bent  in  the  autumn  ao  that  one-half  of  the  top  can  be  laid  in  the  eaitb  and 
one-balfoftherootbeat  theaameUme  taken  carefully  up— aheltered  at  firat  and  afterw 
warda  ffradnaUy  expoaed  to  the  cold— and  ifin  the  following  year  the  remaining  part  of  the 
top  and  mot  be  treated  in  the  same  way,  the  branchea  of  the  top  will  become  mota,  and  tb« 
ramUlcationa  of  the  roota  will  become  branchea,  producing  teave^  flowera,  and  fmit  in  doe 
Maaon.~(Loiidon'a  Bncydopadia  of  AgrieuUftre.)  The  tree  ia  thua  reveraed  In  poaltioii, 
and  the  roota  and  brmacnee  being  thus  motually  eonTertlble  caoDOt  be  maieriaU/  nnttke  ia 
feoeral  atnietorab 
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Known  and  understood,  the  precise  way  in  which  these  ends  are  accom-i 
0^1:  plished  by  the  roots,  and  the  powers  with  which  they  are  invested,  are 

itf*  acill  to  a  coosiderable  degree  matters  of  dispute. 

c^ti  I.  It  appears  certain  that  they  are  possessed  of  the  power  of  absorb- 

ed ing  water  in  large  quantity  from  the  soil,  and  of  transmitting  it  upwards 

i  ^-  to  the  stem.     The  amount  of  water  thus  absorbed  depends  greatly  upon 

Tfir  the  nature  of  the  soil  and  of  the  climate  in  which  a  plant  grows,  but 

i  s^  much  also  upon  the  specific  structure  of  its  leaves  and  the  extent  of  its 

t(if  foliage. 

II.  The  analogy  of  the  leaves  and  young  twigs  would  lead  us  to 
^  suppose  that,  when  in  a  proper  state  of  moisture,  the  roots  should 

'^t  also  be  capablie  of  absorbing  gaseous  substances  from  the  air  which 

I  ^  pervades  the  soil.    Experiment,  however,  has  not  yet  shown  this  to  be 

^:  the  case. 

0-  We  linow,  however,  that  they  are  capable  of  absorbing  gases  through 

^^  the  medium  of- water.     For  if  the  roou  of  a  plant  are  placed  in  water 

,  ^.  containing  carbonic  acid  in  the  State  of  solution,  this  gas  is  found  grado- 

'^  ally  to  disappear.     It  is  extracted  from  the  water  by  the  roots.    And  if 

^<  the  water  in  which  the  roots  are  immersed  be  coutamed  in  a  bottle  only 

^  partially  filled  with  the  li(|oid,  while  the  remainder  is  occupied  by  at- 

^;  mospheric  air,  the  oxygen  in  this  air  will  also  slowly  diminish.     It  will 

^  be  absorbed  by  the  roots  through  the  medium  of  the  water.* 

^  Again,  if  in  the  place  of  the  atmospheric  air  in  this  bottle,  carbonic 

acid  be  substituted,  the  plant  will  droop  and  in  a  fcTW  days  will  die.     The 

I ;  same  will  take  place,  if  instead  of  common  air  or  carbonic  acid,  niinn 

'  gen  or  hydrogen  gases  be  introduced  into  the  bottle.     The  plant  will  not 

live  when  its  roots  are  exposed  to  the  sole  action  of  any  of  the  three. 
Jr  It  is  obvious,  therefore,  that  the  roots  of  plants  absorb  gaseous  sub* 

stances  from  the  air  which  surrounds  their  roots,  at  least  indirectly  and 
^  through  the  medium  of  water.     It  appears  also  that  from  this  air  they 

have  the  power  of  selecting  a  certain  portion  of  oxygen  when  this  gas  is 

{present  in  it.     Thirdly,  that  though  they  can  absorb  carbonic  acid  to  a 
imited  amount  without  injury  to  the  plant,  yet  that  a  copious  supply  of 
this  gas,  unmixed  with  oxygen,  is  fatal  to  vegetable  life.     This  deduction 
^  i»  confirmed  by  the  fact  that,  in  localities  where  carbonic  acid  ascends 

through  fissures  in  the  subjacent  rocks  and  saturates  the  soil,  the  growth 
of  grass  is  fimnd  10  be  very  much  retarded.    And,  lastly,  since  nitmgeo 
is  believed  not  to  be  in  itself  noxious  to  vegetable  life,  the  death  of  the 
f  plant  in  water  surrounded  by  this  gas,  is  sup{X)sed  to  imply  that  the  pre- 

^  aence  of  oxygen  is  necessary  about  the  root^of  a  growing  and  healthy 

,  plant,  and  that  one  of  the  special  fuociions  of  the  roots  is  constantly  to 

,  absorb  this  oxygen. 

This  supposition  is  in  acconlance  with  the  fact  that,  in  the  dark,  the 
leaves  of  plants  absorb  oxygen  from  the  atmosphere ;  ibr  we  have  al* 
ready  seen  reason  to  expect  that,  from  their  analogous  structure,  the  roots 
and  leaves  in  similar  circumstances  should  perform  also  analogous  func- 
tions.   At  the  same  time,  if  the  roots  do  require  the  access  and  presence 

*  It  win  be  recollected  that  water  abaorbe  aboat  4  per  cent  of  Its  bolk  of  air  from  the  «^ 
moepbere,  of  which  aboot  one-Uitrd  ia  ozjgen.  If  the  nots  eztrael  tbis  oxygen  ftom  the 
irater,  the  ktter  wtll  again  drink  in  a  fresh  portioa  from  tbe  sunoephefic  air  which  iloels 
•bore  ft 
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of  oxygen  in  the  soil,  it  would  further  appear  that  those  of  some  planfa 
require  it  more  than  tboee  of  others ;  inasmuch  as  some  genera,  like  the 
grasses,  love  an  open  and  friable  soil,  into  which  the  air  ie  more  com* 
pletely  excluded.— [Sprengel,  CkemUt  If.,  p.  337.] 

III.  We  have  in  a  former  lecture  (IV.  p.  64)  concluded  from  facts 
there  stated,  that  solid  substances,  which  are  soluble  in  water,  accom- 
pany this  liquid  when  it  enters  into  the  circulation  of  the  plant.  This 
appears  to  be  true  both  of  organic  and  inorganic  substances.  Potash, 
soda,  lime,  and  magnesia  thus  find  their  way  into  the  interior  of  plants, 
as  well  as  those  substances  of  animal  and  vegetable  origin  to  which  the 
observations  made  in  the  fourth  lecture  were  intended  more  especially  to 
apply.  £ven  silica^*  considered  to  be  almost  insoluble  in  water,  enteiv 
by  the  roots,  and  is  found  in  some  cases  in  considerable  quantities  in  the 
stem.  Some  persons  have  hence  been  led  to  conclude  that  solid  sub- 
stances, undissolved,  if  in  a  minute  state  of  division,  may  be  drawn  into 
the  pores  of  the  root  and  may  then  be  carried  by  the  sap  upwards  to  tb« 
stem. 

Considered  as  a  mere  question  of  vegetable  mechanics,  ai^oed  as  such 
among  physfologists,  it  is  of  little  moment  whether  we  adopt  or  reject 
this  opinion.  One  physiologist  may  state  that  the  pores  by  which  the 
fopd  enters  into  the  roots  are  so  minute  as  to  bafHe  the  powers  of  the  best 
constructed  microscope,  and,  therefore,  that  to  no  particles  of  solid  mat- 
ter can  they  by  possibility  give  hdmission-^wbile  another  may  believe 
solid  matter'to  be  capable  of  a  mechanical  division  so  minute  as  to  pass 
through  the  pores  of  the  finest  membrane.  As  to  the  mere  fact  itself,  it 
matters  not  which  is  right,  or  which  of  the  two  we  follow.  The  adoption 
of  the  latter  opinion  implies  in  itself  merely  that  foreign  substances, 
unnecessary,  perhaps  injurious  to  vegetable  life,  may  be  carried  forward 
by  the  flowing  juices  until  in  some  still  part  of  the  current,  or  in  soma 
narrower  vessel,  they  are  arrested  and  there  permanently  lodged  in  the 
solid  substance  of  the  plant. 

By  inference,  however,  the  adoption  of  this  opinion  implies  also,  that 
the  inorganic  substances  found  in  plants,— those  which  remain  in  the 
form  of  ash  when  the  plant  is  burned,— are  accidental  only,  not  essential 
10  its  constitution.  For  since  they  may  have  been  introduced  in  a  mere 
state  of  minute  mechanical  division  suspended  in  the  sap,  ihey  ought  to 
consist  of  such  substances  chiefly  as  the  soil  contains  in  the  greatest 
abundance,  and  they  ought  to  vary  in  kind  and  relative  quantity  with 
every  variation  in  the  soil.  In  a  clay  land  the  ash  should  consist  chiefly 
of  alumina,f  in  a  sandy  soil  chiefly  of  silica.  But  if,  as  cheinii5iBl  in- 
quiry appears  to  indicate,  the  nature  of  the  ash  is  not  accidental,  but  es» 
sentraU  and  in  some  degree  constant,  even  in  very  diflerent  soils,  this 
latter^ inference  is  inadmissible ;— and  in  reasoning  backwards  from  this 
fact,  we  find  ourselves  constrained  to  reject  the  opinion  that  substances 
are  capable  of  entering  into  the  roots  of  plants  in  a  solid  state — end  this 
without  reference  at  all  to  the  mechanical  question,  as  to  the  relative  sisa 
of  the  pores  of  the  spongy  roots  or  of  the  ])articles  into  which  solid  mat- 
ter may  be  divided. 

*  flfHea  tfl  the  ntme  given  hj  ebemlUs  to  the  pore  Butter  of  flint  or  of  rock  enretsl.  thod 
•Bd  Baadsiooet  cooafit  aluioet  entirely  of  ^ea. 
t  AInmtnaUthe  poze  eeith  of  clej. 
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rV.  We  are  thus  brouglit  to  the  consideration  of  the  alleged  selecting 
power  of  the  roots,  which,  if  rightly  attributed  to  them,  must  be  con- 
sidered as  one  of  the  most  important  functions  of  which  they  are  pos- 
sessed. It  is  a  function,  however,  the  existence  of  which  is  disputed  by 
many  eminent  physiologists.  But  as  the  adoption  or  rejection  of  it  will 
materially  influence  our  reasonings,  as  well  as  our  theoretical  views,  ii 
regard  to  some  of  the  most  vital  processes  of  vegetation, — ^it  will  be  pro* 
per  to  weigh  carefully  the  evidence  on.  which  this  power  is  assigned  to 
the  roots  of  plants. 

1°.  The  leaves,  as  we  shall  hereafter  see,  possess  in  a  high  degres 
the  power  of  selecting  from  the  atmosphere  one  or  more  gaseous  sub- 
stances, leaving  the  nitrogen,  chiefly,  unchanged  in  bulk.  The  absorp 
tion  of  carbonic  acid  and  the  diminution  of  the  oxygen  in  the  ex  peri 
ibents  above  described,  appear  to  be  onalocous  eflects,  and  would  seeia 
to  imply  in  the  roots  the  existence  of  a  similar  power. 

2^.  i)r.  Daubeny  found  that  pelargoniums,  barley  (hordeum  mdgare)^ 
and  the  winged  pea  (lolus  Utragonolobus)^  though  made  to  grow  in  a 
soil  containing  much  strontla,*  appeared  to  absorb  none  of  this  earth,  foi 
none  was  found  in  the  ash  lefl  by  the  stem  and  roots  of  the  plant  ^heo 
burned.  In4ike  manner  De  Saussure  observed  that  polygonum  persi* 
caria  refused  to  absorb  acetate  of  lime  from  the  soil,  though  it  freely  took 
up  common  salt.— [Lindley's  Theory  of  Hartictdlure,  p.  19.] 

3^.  Plants  of  dlRerent  species,  gniwing  in  the  same  soil,  leave,  when 
burned,  an  ash  which  in  every  case  contains  either  different  substances, 
or  the  9ame  substances  in  unlike  proportions.  Thus  if  a  bean  and  a 
grain  of  wheat  be  grown  side  by  side,  the  stem  of  the  plant  from  the  laL- 
ter  seed  will  he  found  to  contain  silica,  from  the  former  none.f 

4°.  But  the  same  plant  gn)wn  in  soils  unlike  in  character  and  com- 
position, contains  always— if  they  are  present  in  the  soil  at  all^very 
nearly  the  same  kindt  of  earthy  matters  in  nearly  the  same  proportion. 
Thus  the  stalks  of  corn  plants,  of  the  grasses,  of  the  bamboo,  and  of  many 
others,  always  contain  silica,  in  whatever  soil  they  grow,  or  at  least  are 
capable  of  growing  with  any  degree  of  luxuriance. 

With  the  view  of  testing  this  point,  Lampadius  prepared  five  square 

ilchesof  ground,  manured  them  with  equal  quantities  of  a  mixture  of 
lorse  and  cow  dung,  sowed  them  with  equal  measures  of  the  same 
wheat,  and  on  four  of  these  patches  strewed  respectively  five  pounds  of 
finely  powdered  quartz  (siliceous  sand),  of  chalk,  of  alumina,  and  of 
carbonate  of  magnesia,  and  left  one  undressed.  ^  The  produce  of  seed 
from  each,  in  the  above  order,  weighed  24i,  28},  26},  21^,  and  20  ounces 
respectively.  The  grain,  chaff,  and  straw,  from  each  of  the  patches 
lefl  nearly  the  same  quantity  of  ash— rthe  weights  varying  only  from  3*7 
lo  4*08  per  cent.,  and  the  roots  and  chaifbeing  richest  in  inorganic  mat- 
ter.    The  relative  proportions  of  silica,  alumina,  lime,  and  magnesia, 

*  Watered  with  a  aolutlon  o(  nitrate  of  stronria.  Btronlia  Is  an  earthy  •tibsfance  reeem 
blioff  lUlie.  which  la  fouod  in  certain  rocka  and  minerai  veins,  but  which  haa  not  hiiheito  been 
obeerred  in  the  ashes  or  plants. 

t  It  la  not  strictly  correct  that  the  bean  wiU  absorb  no  silica,  but  the  quantity  it  will  take  up 
wID  be  only  one-thirteenth  of  that  taken  np  by  the  wheat  plant— the  per  centage  o(  silica  In 
th«  aah  of  bean  straw  beinf ,  according  to  Sprf^ngei,  only  0-22,  while  in  wheat  atraw  It  Is  2-87 
par  cent    Pea  straw .cootaua  four  limes  as  much  aa  tiiat  of  the  bean,  or  0  996  per  cent 

X  For  more  precise  information  on  this  poiot,  see  the  wbMqiMiU  lectoresy  ^Ontki  imor^ 
ganic  wmtUuenlM  ofptanU,"  (Fart  11.) 
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were  the  Ifome  in  aH.— [Meyen  Jakraherickt,  1839,  p.  1.]  Provided* 
therefore,  the  substances  which  plants  prefer  be  present  in  the  soil,  the 
kind  of  inorganic  matter  ih^  talve  up,  or  of  ash  they  leave,  is  not  maU^ 
rioRy  affected  by  the  presence  of  other  substances,  even  in  somewhat 
larger  quantity. 

These  facts  all  point  to  the  same  conclusion,  that  the  roots  have  the 
power  of  selecting  from  the  soil  in  which  they  grow,  those  substances 
which  are  best  fitted  to  promote  the  growth  or  to  maintain  the  healthy 
condition  of  the  plants  they  are  destined  to  feed.' 

5^.  It  has  been  stated  above  that  the  roots  of  certain  plants  refuse  to 
absorb  nitrate  of  strOotia  and  acetate  of  lime,  though  presented  to  them 
in  a  state  of  solution-— the  same  is  true  of  certain  coloured  solutions  M^hich 
have  been  found  incapable  of  finding  thei^  way  into  the  circulation  of 
plants  whose  roots  have  been  immersed  in  them.  On  the  other  hand. 
It  is  a  "matter  of  frequent  observation  that  the  roots  absorb  solutions  con- 
taining substances  which  speetlily  cause  the  death  of  the  plant.  Arsenic* 
opium,  salts  of  iron,  of  lead,  and  of  copper,  and  many  other  substances, 
are  capable  of  being  absorbed  in  quantities  which  prove  injurious  to  the 
living  vegetable— and  on  ibis  ground  chiefly  many  physiologists  refuse  to 
acknowledge  that  the  roots  of  plants  are  by  nature  endowed  with  any 
definite  and  constant  power  of  selection  at  all.  But  this  argument  is  of  ' 
equal  force  against  the  possession  of  such  a  power  by  animals  or  even  by 
roan  himself;  mnce,  with  our  more  perfect  discriminating  powers,  aided 
by  our  reason  too,  we  every  day  swallow  with  our  food  what  is  more  or 
less  injurious,  and  occasionally  even  fatal,  to  human  life.* 

On  the  whole,  therefore,  it  appears  noost  r^sonable  to  conclude  that 
the  roots  are  so  constituted  as  (1^)  to  be  able  generally  to  select  from  the 
soil,  in  preference^  those  substances  which  are  mOst  suitable  to  the  nature 
of  the  plant— (2°)  where  these  are  not  to  be  met  with,  to  admit  certain 
others  in  their  steadf — (3^)  to  refuse  admission  also  to  certain  substan- 
ces likely  to  injure  the  plant,  though  unable  to  discriminate  and  reject 
every  thmg  hurtful  or  unbeneficial  which  may  be  presented  to  them  in 
estate  of  solution. 

The  object  of  nature,  indeed,  seems  to  be  to  guard  the  plant  against 
the  more  common  and  usual  dangers  only — not  against  such  as  rarely 
present  themselves  in  the  situations  in  which  it  is  destined  to  grow,  or 
against  substances  which  are  unlikely  even  to  demand  admission  into  its 
roots.  How  useless  a  waste  of  skilly  if  I  may  so  speak,  would  it  have 
been  to  endow  the  roots  of  each  plant  with  the  power  of  distinguishing 
and  rejecting  opium  and  arsenic  and  the  thousand  of  her  poisonous  sub- 
stances which  the  physiologist  can  present  to  them,  but  which  in  a  state 
of  nature— on  its  natural  soil  and  in  hs  natural  climate— the  living  vege- 
table \^  never  destined  to  encounter ! 

'  I  may  here  remark  that  U  fab^  no  means  an  eztraordinarj  power  which  these  cireoni. 
frtajices  seem  to  show  the  roots  or  plants  to  posiicss.  In  the  presence  of  oxygen,  nitrogeo, 
and  carbonic  add,  in  equal  quantliies,  water  will  prefer  and  will  select  the  latter.  From  a 
mixture  of  lime  and  msfnesia,  acetic  or  sulphuric  acid  wlU  select  and  sepaimte  (he  former, 
vis  it  unreasonable  to  suppose  the  roots  of  plants— the  organs  of  allTioff  being— to  be  endowed 
wirh  powers  of  discrimination  at  least  as  great  as  those  posseased  by  dead  matter) 

t  This  conclusion  Is  not  strictly  contained  in  the  premises  above  stated,  tmt  the  iiicts  fnm. 
which  it  is  drawn  will  be  fully  explained  in  treating  of  the  inorganic  consdtuents  of  planta. 
ft  is  Introduced  here  for  the  purpose  of  giving  aoompleto  view  of  what  appears  16  iMtlkS 
uoe  powen  of  diserfmlnallan  posseased  by  the  not 
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V.  Another  funodon  of  the  ioot9  of  plaotB,  in  regard  to  which  physiol- 
ogists are  divided  in  opinioo  at  the  present  day,  is  what  is  called  their 
excreioTu  power. 

1^.  When  barley  or  other  grain  is  caused  to  germinate  in  pure  chalky 
acetate  of  lime*  is  uniformly  found  to  be  mixed  with  it  after  the  germi- 
nation is  somewhat  advanced  (Becquerel  and  Mateucci,  Ann,  dt  Ckettu 
et  de  Phys.,  Iv.,  p.  310,)  In  this  case  the  acetic  acid  must  have  been  eiven 
off  (excrefied)  by  the  young  roots  during  the  germination  of  the  seed. 

This  fact  may  be  considered  as  the  ftmndation  of  the  excretory  theory 
as  it  is  cailed.  This  theory,  supported  by  the  high  authority  of  Decan- 
doUe,  and  illustrated  by  the  apparently  convincing  experiments  of  Ma- 
caire,  {Ann,  de  Chim*  eide  Phys.^  lii.,  p.  325,)  has  more  recently  been  met 
by  counter-experiments  of  Braconnot,  (Ixxii.  p.  27,)  and  is  now  in  a  great 
measure  rejected  by  many  eminent  vegetable  physiologists.  »  It  may  in- 
deed be  considered  as  quite  certain  that  the  application  of  this  theory  by 
Decandolle  and  others  to  the  explanation  of  the  benefits  arising  from  a 
rotation  of  crops,  is  not  confirmed,  or  proved  to  be  correct,  by  any  exper- 
iments on  the  subject  that  have  hitherto  been  published. f 

According  to  Decandolle,  plants,  like  animals,  have  the  power  of  se- 
lecting from  their  food,  as  it  passes  through  their  vascular  system,  such 
portions  as  axe  likely  to  nourish  them,  and  of  rejecting,  by  their  roots, 

*  AoelaCe  of  lime  fc  a  eombination  ofaoetlc  acid  orvinegar  with  lime  derived  from  the  chalk. 

t  The  diacordant  results  of  Macaire  and  BrMonnot  were  aa  follow  : 

1^.  Macaire  obeerved  thai  when  planta  of  C!lk0fMlr»Ua  Afuro^M  were  grown  in  rain  water 
the  J  inipaned  to  il  Mmething  of  (he  amell  aiid  taate  of  opiam.  Bmconnol  confirmed  thia, 
bai  auributed  U  to  wounds  in  the  roots  which  allowed  the  proper  juice  of  tiie  plant  to  escape. 
He  mya  It  Is  alm<»st  impossible  to  free  the  youog  roots  iJrom  the  sou  in  which  they  have  grown, 
wiihooi  iojiiring  them  and  causing  the  saii  to  exude. 

2°.  Euphorbia  PepUt*  (Petty  Sparse)  imparled  to  the  water  in  which  It  grew  a  gumml* 
restoous  substance  of  a  very  acrid  t^ste.  In  the  hands  of  Braconnoi  it  yielded  to  the  water 
scarcely  any  oi^anic  matter,  and  Uiat  only  slightly  bltlerish. 

9^.  umconnoi  washed  the  soil  in  which  pin.n\»Qf  Buphnrbia  l^reom' and  AarJepicm  Incar- 
nata  mere  growing  in  pot?,  ttid  ubtainod  a  solution  containing  earthy  and  ailtatifie  salts  with 
only  a  trace  of  organic  maaer. 

lie  aUo  washed  the  soil  in  which  the  Poppy  (Papavtr  Sbmni'ferum)  had  been  grown  tea 
years  sueces-«tvel/.  The  solution,  besides  inoiyaiiic  earthy  andaliciUine  sails,  gave  a  consid- 
enibi«  quantity  of  acetic  acid  (In  the  form  of  acetate  of  lime)  and  a  trace  of  brown  onianio 
matter.  lie  infers  that  these  several  pbuUs  do  not  excrate  any  ori^nlc  matter  in  sufficient 
qnnntiiy  to  be  Injnrtous  to  themselves. 

iP.  MAcairo  observed  that  when  separate  portions  of  the  roots  of  Uie  same  plant  of  MitreU' 
rialig  Annua  wore  immented  in  separate  vessels,  the  one  containing  pare  water  and  the 
'    ■        *  "      "     *      "        *  -  •     ■  -  ....  ,  p|iu,|^_,^^na  Kl 

ro  water.    Bra> 

B  second  vessel 

to  be  owing  to  the  ascent  of  the  fluid  up  the  outer  surface  of  the  one  root  and  down  the  exterior 
of  the  other,  and  that,  by  preventing  the  possibility  of  this  paassge,  no  lead  could  be  detected 
among  the  uure  water. 

Tlie  conciosion/ii  of  Maratre,  therefore,  in  favour  of  the  rotation  theory  oPDecandoIla 
most  l>e  considered  aa  at  present  inadmissible,  and  we  shall  hereafter  see  reason  (o  eotn«. 
ekie,  at  least  to  a  cerCrtio  extent,  In  the  conclusion  of  Braconnot,  "  tl>at  if  these  excretions 
(of  organic  matter)  really  take  place  in  the  natural  state  of  the  plant,  they  are  as  yet  so  ob- 
score  and  so  little  known  as  to  justify  the  presumption  that  some  other  explanation  must 
be  given  of  the  general  system  of  rotation."  Various  itiustraiions  have  been  given  by  differ- 
*^enl  observer!  of  this  supposed  excreting  power  of  the  roots.  Among  ihe  most  recent  are 
those  of  NietmTi  who  ascribes  the  luxuriant  rye  crops  obtained  without  manure  aAer  three 
rears  of  clover,  to  the  excretions  of  this  plant  in  the  soil,  which,  like  those  of  the  pea  and 
bean  to  the  wheat,  he  supposes  *o  be  nourishing  food  to  the  rye.  He  also  stales  that  the 
beet  or  the  turnip  after  tobacco  has  an  unpleasant  taste,  and  is  scarcely  eatable,  which  h« 
attributes  to  the  excretions  of  the  tobacco  plant.  Meyen  ascribes  the  effect  of  the  clover  to 
the  green  manure  suppUsd  by  lis  roots  and  stubble  and  that  of  the  u>l»acco  to  the  undecom* 
puaed  oiyanic  sutMtances  oonlained  in  the  sap  and  substance  of  the  roots  and  stems  of  this 
pluit,of  wUeb  so  Isvgo  a  quantitf  is  left  behind  In  U>e  fleId.--[Meyen's  Jaflreabtnekty  1830, 
p.  6.]-— These  otgectlons  of  Meyen  are  not  wltlioat  their  weight,  btt  we  sbail  hereafter  is* 
IIM  diej  embody  only  half  Um  tnttb. 
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when  the  sap  descends,  such  as  are  unfit  to  contrihute  to  their  support, 
or  wou Id  be  hurtful  to  them  if  not  rejected  from  their  system.  He  further 
isupposes  that,  after  a  time,  the  soil  in  which  a  certain  kind  of  plant 
grows  becomes  so  loaded  with  this  reiected  matter,  that  the  same  plant 
refuses  any  longer  to  flourish  in  it.  And,  thirdly,  that  though  injuriona 
to  the  plantfrom  which  it  has  been  derived,  this  rejected  matter  may  be 
wholesome  food  to  plants  of  a  difierent  order,  and  hence  the  advantage  to 
be  derived  from  a  rotation  of  crops. 

There  seems  no  good  reason  to  doubt  that  the  roots  of  plants  do  at 
times — ^it  may  be  constantly — reject  or^nic  substances  from  their  roots. 
The  acetic  acid  given  off  auring  germination,  and  the  same  acid  (bund 
by  Braconnot  in  remarkable  quantity  in  the  soil  in  which  the  poppy 
(papaver  somnifentm)  has  grown— may  be  regarded  as  sufficient  evi- 
dence of  the  fact— -but  the  quantity  of  such  organic  matter  hitherto  de- 
tected among  what  may  be  safely  viewed  as  the  real  excretions  of  plants, 
seems  by  far  too  small  to  account  for  the  remarkable  natural  results  at- 
tendant upon  a  rotation  of  crops. 

The  consideration  of  these  results,  as  well  as  of  the  general  theory  of 
such  a  rotation,  will  form  a  distinct  topic  of  consideration  in  a  subsequent 
part  of  these  lectures.  I  shall,  therefore,  only  mention  one  or  two  facta 
which  seem  to  me  capable  of  explanatipn  only  on  the  supposition  that 
the  roots  of  plants  are' endowed  with  the  power  of  rejecting,  and  that 
they  do  constantl^r  reject,  when  the  sap  returns  from  the  leaf,  some  of 
the  substances  which  they  had  previously  taken  up  from  the  soil. 

1^.  De  Saussure  made  numerous  experiments  on  the  quantity  of  ash 
^  pe  cent.  lefl  by  the  same  plant  at  difierent  periods  of  its  growth.  Among 
other  resulu  obtained  by  him,  it  appeared^- 

A.  That  the  quantity  of  incombustible  or  inorganic  matter  in  the  diT- 
ferent  parts  of  the  plant  was  different  at  different  periods  of  the  year. 
Thus  tne  dry  leaves  of  the  horse  chestnut,  gathered  in  May,  left  7*2  per 
cent.,  towards  the  end  of  July  8*4  per  cent.,  and  in  the  end  of  Septem- 
ber 8*6  per  cent,  of  ash;  the  dry  leaves  of  the  hazel  in  June  left  6-2, 
and  in  September  7  per  cent. ;  and  those  of  the  poplar  (poptdtu  fiigra) 
in  May  6*6,  and  in  September  9*3  per  cent,  of  ash.  These  results  are 
easily  explained  on  the  supposition  that  the  roots  continued  to  absorb 
and  send  up  to  the  leaves  during  the  whole  summer  the  saline  and 
earthy  substances  of  which  the  ash  consisted.    But^- 

B.  He  observed  also  that  the  quantity  of  the  inorganic  substances  in 
•—or  the  ash  left  by«— the  entire  plant,  diminished  as  it  approached  to 
maturity.  Thus  the  dry  plants  of  the  vetch,  of  the  golden  rod  {soUda" 
go  vutgaria),  of  the  turnsol  (helianthtu  afmuus)^  and  of  wheat,  lefl  res- 
pectively of  ash,  at  three  different  periods  of  their  growth,  [Davy's 
Agrietdtural  Chemistry ,  Lecture  III.]— 

Before  flowerlof. 
percent. 

Velch 15 

Golden  rod    .     .    •      9*2 

Turnsol    ....     14-7 

Wheat      ....      7'9 

This  diminution  in  the  proportion  of  ash,  might  arise  either  from  aa 

increase  in  the  absolute  quantity  of  vegetable  matter  in  the  plants  ac« 


In  flower 

percent, 

12-2 

Beedirtpe. 

percent. 

6-6 

6-7 

60 

13-7 

9-3 

5-4 

3-3 

oompaDying  their  increase  in  size— or  from  a  portion  of  the  saline  and 
earthy  matters  they  contained  being  again  rejected  by  the  roots.  But 
if  the  former  be  tbe  true  explanation,  the  rtUUive  praportitms  of  the 
several  substances  of  wbich  the  ash  Itself  consisted,  in  ihe'several  cases, 
should  have  been  the  same  at  the  several  periods  when  tbe  experiments 
were  made.  But  this  was  by  na  means  the  case.  Thus,  to  refer  only 
to  the  quantity  of  silica  contained  in  the  ash  lefl  by  each  of  the  above 
plants  at  the  several  stages  of  their  growth,  the  ashes  of  the 

Before  flowering.       In  flower.  Seeds  ripe. 

jMT  ocnC  pet  ctnim  per  cenf . 

Vetch  contained   •    .     •      1'5  1*5  1*75 

Golden  rod 1*5  1'5  3*5 

Turnaol 1*5  1*6  3*75 

Wheal    ......     12*5  260  61*0 

If,  then,  the  proportion  of  silica  in  the  ash  increased  in  some  cases 
four-ibld,  while  the  whole  quantity  of  ash  lefl  by  the  plant  decreased,  it 
appears  evident  that  some  part  of  that  which  existed  in  the  plant  during 
the  earlier  periods  of  its  growth  must  have  been  excreted  or  rejected  by 
the  roots,  as  it  advanced  towards  maturity. 

2°.  This  conclusion  is  cooBrmed  and  carried  farther  by  another  con* 
sideration.     The  ({uamity  of  ash  lefl  by  the  ripe  wheat  plant,  in  the 
above  experiments  of  De  Saussure,  amounted  to  3*3  j)er  cent. ;— of 
wbich  ash,  61  per  cent.,  or  rather  mors  than  one-half,  was  silica.    This 
silica,  it  is  believed,  could  only  have  entered  into  the  circulation  of  the 
plant  in  a  state  of  solution  in  water,  and  could  only  be  dissolved  by  the 
agency  of  potash  or  soda.    But,  according  to  Sprengel,  the  potash,  soda« 
and  silica,  are  to  each  other  in  tbe  grain  and  straw  of  wheal,  in  the  pro- 
pCHtions  of— 

FoCulu  Soda.  flillca. 

Grain     ....     0-225  0-24  0-4 

Straw    ....    0*20  0-29  2*87 

Or,  supposing  the  grain  to  equal  one-half  the  weight  of  the  straw— 
their  relative  proportions  in  the  whole  plant  will  be  nearly  as  21  potash, 
27  soda,  205  silica,  or  the  weight  of  the  silica  is  upwards  of  four  times 
the  weights  of  the  potash  and  Mxla  taken  together. 

Now  silica  requires  nearly  half  its  weight  of  potash  to  render  it  solu- 
ble in  water,*  or  three-fifths  of  its  weight  of  a  mixture  of  nearly  equal 
parts  of  potash  and  soda.  The  quantity  of  these  alkaline  substances 
found  in  the  plant,  therefore,  is  by  no  means  sufficient  to  have  dissolved 
arid  brought  into  lis  circulation  the  whole  of  the  silica  it  contains.  One 
of  two  things,  therefore,  must  have  taken  place.  Either  a  portion  of 
the  potash  and  soda  present  in  the  plant  in  the  earlier  stages  of  its 
growth  must  have  escaped  from  its  roots  at  a  later  stage, f  leaving  the 
silica  behind  it— or  the  same  quantity  of  alkali  must  have  circulated 
through  the  plant  several  times — ^bringing  in  its  burden  of  silica,  deposit- 

*  A  eoloble  glam  may  be  made  l>r  mekinc  tof  ether  In  «  eroelble  for  eix  boon  10  pert*  of 
eariioMie  of  poiMh,  15  of  ailiea,  and  1  of  ctaareoai  powder. 

t  Ve  SaoMOre  doea  not  atate  the  exact  relatlTe  quantltiea  of  potash  and  aoda  at  (be  aeTeral 
perioda  of  Uie  growth  of  wheat,  though  ihejr  appear  to  have  gradrany  dlmlnlahed.  Il 
aeems,  indeed,  lo  be  trae  of  manj  ptanta,  that  the  potuh  and  aoda  they  eontala  diminlahee 
In  quantity  aa  their  age  locreaaea.  Tboa  the  weight  of  potaah  in  the  juice  of  the  ripe  or 
iweet  gnpe,  ia  aald  to  be  Iom  than  in  Oie  unripe  or  aonr  grape— and  the  leavea  of  the  potato 
teve  been  found  more  rich  in  poiaah  before  than  aflw  bkMMoming(LieMg> 
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iog  it  .in  the  vascular  system  of  the  plant,  and  again  retuifning  to  the 
soil  for  a  fresh  Supply.  Id  either  case  the  roots  must  have  allowed  it 
egress  as  well  as  logress.  But  the  fact,  that  the  proportion  of  silica  in 
the  plant  goes  on  increasing  as  it  continues  to  grow,  is  in  favour  of  the 
latier  view— and  renders  it  very  probable  that  the  same  quantity  of  al- 
kali returns  again  and  aeain  into  the  circulation,  bringing  with  it  sup- 
plies of  silica  and  probably  of  other  substances  which  the  plant  requires 
from  the  soil.  And  while  this  view  appears  to  be  the  more  probable,  it 
also  presents  an  interesting  illustration  of  what  may  probably  be  the 
kind  of  function  discharged  by  the  potash  and  other  inorganic  substances 
found  in  the  substance  of  plants— a  question  we  shall  hereafter  have  oc- 
casion to  consider  at  some  length. 

The  above  considerations,  therefore,  to  which  I  might  add  others  of  a 
similar  kind,  satisfy  me  that  the  roots  of  plants  do  possess  the  power  of 
encretiog  various  substances  which  are  held  in  solution  by  the  sap  oa  its 
return  from  the  stem— and  which  having  performed  tlieir  functions  in 
the  interior  of  the  plant  are  no  longer  fitted,  in  their  existing  condition* 
to  minister  to  its  sustenance  or  growth.  Nor  is  it  likely  that  this  excre* 
tory  power  is  restricted  solely  to  the  emission  of  inorganic  substances. 
Other  soluble  matters  of  organic  origin  are,  no  doubt,  permitted  to  es- 
cape into  the  soil— though  whether  of  such  a  kind  as  must  necessarily 
be  injurious  to  the  plant  from  which  they  have  been  extruded,  or  to  such 
a  degree  as  alon^  to  render  a  rotation  of  crops  necessary,  neither  reason- 
ing nor  experiment  has  hitherto  satisfactorily  shown. 

V  [.  The  roots  have  the  power  of  absorbing,  and  in  some  measure  of 
selecting,  food  from  the  soil— can  they  also  modify  or  alter  it  as  it  passes 
through  them?  A  colourless  sap  is  observed  to  ascend  through  the 
roots.  From  the  very  extremity  up  to  the  foot  of  the  stem  a  cross  sec- 
tion exhibits  little  trace  of  colouring  matter,  even  when  the  soil  contains 
animal  and  vegetable  substances  which  are  soluble,  and  which  give  dark 
coloured  solutions,  [such  as' the  liquid  manure  of  the  fold-yard.]  IX>es 
such  matter  never  enter  the  root  ?  *  If  it  does,  it  must  be  speedily  changed 
or  transformed  into  new  compounds. 

We  have  as  yet  loo  few  experiments  upon  this  subject  to  enable  us  to 
decide  with  any  degree  of  certainty  in  regard  to  this  function  of  the  root. 

It  is  [irobable,  however,  that  as  the  sap  passes  through  the  plant,  it  is 
constantly,  though  gradually,  undergoing  a  series  of  changes,  from  the 
time  when  it  first  enters  tlie  root  till  it  again  reaches  it  on  its  return  froui 
the  leaf. 

Can  we  conceive  the  existence  of  any  powers  in  the  mot,  or  ifl  the 
whole  plant,  of  a  still  more  refined  kind?  The  germinating  seed  gives 
off  acetic  acid  into  the  soil,— does  this  acetic  acicl  dissolve  lime  fmm  the 
soil  and  return  with  it  again,  as  some  suppose  (Liebig),  into  the  circula- 
tion of  ihe  plant?*  Is  acetic  aoid  produced  and  excreted  by  the  seo<! 
for  this  very  refined  purpose?  We  have  concluded  that  in  the  wheat 
plant  the  potash  and  soda  pmbably  go  and  come  several  rimes  during  its 
growth,  and  the  ripening  of  its  seed.     Is  this  a  contrivance  of  nature  to 

*  Braconnol  found  acctat*  of  lime  in  very  satall  quaotitiea  to  be  elnfalarlj  hurt  ful  to  vece- 
tarion,  and  acetate  of  magnesia  a  litUe  leas  so.  H«  only  mentions,  however,  some  expert* 
menta  upon  meraaialu  annua,  {Aim,  d*  OUm.  et  de  Phy.  Ixxii.  p.  36,]  and  as  Saussara 
found  that  some  plants  actuaUy  reAisad  to  take  it  up  at  alLtJieae  aceiatmmay  not  be  equailr 
loJurioaatoaUpbnu.  -r     — »  ^  '-t— v 
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make  np  for  the  scarcity  of  alkaline  subsiances  in  the  •oil--cv  would  the 
eanie  mode  of  operation  be  employed  if  potash  and  soda  were  present 
in  greater  abundance  ?  *  Or  where  the  alkalies  are  present  in  greater 
abundance,  might  not  more  work  be  done  by  them  in  the  same 
lime, — might  not  the  plant  be  built  up  the  faster  and  the  larger,  when 
there  were  more  hands^  so  to.s|ieak,  to  do  the  work?  Is  the  action  of 
inorganic  substances  upon  vegetation  to  be  ei^plained  by  the  existence 
of  a  power  resident  in  the  mots  or  other  parts  of  plants,  hy  which  such 
operations  as  this  are  directed  or  superintended  ?  There  are  many 
mysteries  connected  with  the  nature  and  phenomena  of  vegetable  life, 
which  we  have  been  unable  as  yet  to  induce  nature  to  reveal  to  us.* 
But  the  morning  light  is  already  kindling  on  the  tops  of  the  mountains, 
and  we  may  hope  that  the  deepest  vallies  will  not  forever  remaill  obscure. 

§  3.  The  course  of  the  eap. 

If  the  trunk  of  a  tree  be  cut  oflf  above  the  roots,  and  the  lower  extrem- 
ity b6  immediately  plunged  into  a  solution  of  madder  or  other  colouring 
substances,  the  coloqred  liquid  will  ascend  and  will  gradually  tipge  the 
wood.  This  ascent  will  continue  till  the  colour  can  also  be  'observed 
in  the  nerves  of  the  leaf.  If  at  this  stage  in  the  experiment  the  trunk 
be  cut  across  at  various  heights,  the  wood  alone  will  appear  coloured, 
the  bark  remaining  entirely  untinged.  But  if  the  process  be  allowed 
still  to  continfie  when  the  coloured  matter  has  reached  the  leaf,  aiid  after 
some  further  time  the  stem  be  cut  across,  the  bark  also  will  appear  dyed, 
and  the  tinge  will  be  perceptible  further  and  further  from  the  leaf  the 
longer  the  experiment  is  carried  on,  till  at  length  both  bark  and  wood 
will  be  coloured  to  the  very  bottom  of  the  stem. 

Or  if  the  root  of  a  living  plant,  as  in  the  experiment  of  Maoaire  de<» 
tailed  in  a  preceding  note,  be  immersed  in  a  metallic  solution — such 
as  a  solution  of  acetate  of  lead,-^which  it  is  capable  of  absorbing  with-^ 
out  immediate  injury,  and  different  portions  of  the  plant  be  examined 
after  the  lapse  of  different  periods  of  lime,**  first  the  stem,  afterwards 
the  leaves,  then  the  bai\  of  the  upper  part  of  the  stem,  and  lastly  that 
of  the  lower  part  of  the  stem,  will  exhibit  traces  of  lead. 

These  experiments  show  that  the  sap  whioh  enters  by  the  roots  a»r 
cends  through  the*  vessels  of  the  wood,  diffuses  itself  over  the  surface 
of  leaves,  and  then  descends  by  the  bark  to  the  extremities  of  the  root. 

But  what  becomes  of  the  sap  when  it  reaches  the  root?  Is  it  deliver- 
ed into  the  soil,  or  does  it  recommence  the  same  course,  and  again,  re- 
peatedly perhaps,  circulate  throqgh  the  stem,  leaves,  and  bark  ?  This 
question  has  been  partly  answered  by  what  has  been  stated  in  the  pre-r 
ceding  section.  When  the  sap  reaches  the  extremity  of  the  root,  it  ap- 
pears to  give  off  to  the  soil  both  solid  and  fluid  substances  of  a  kind  and 

*  The  roots  oftrees  wiUtnrel  to  compsntlvely  groat  diitanceis  and  In  yarloua  direclioos, 
In  March  of  water:  theraota  of  sainfoin  (EaparteUe)  will  penetrate  10  or  12  feet  Uironghth* 
calcareous  rubbly  suImoII,  or  down  the  fissures  of  Itmesione  rocks  on  which  they  del%bt  to 
grow.  Is  this  the  re«ult  of  aomeperoqfUve  power  in  the  plant— or  is  it  merely  by  aendent 
thai  the  roots  display  these  tendencies  Y 

Those  who  are  in  any  degree  arquainted  with  the  specolations  of  the  German  physiolo* 
gists  of  the  greatest  name— in  renard  to  the  wut  and  even  the  immortality  of  plants— will  not 
aceoee  me  of  goinx  very  far  in  alluding  to  the  possible  existence  of  some  such  pereeptiTe 
power  in  plants.  Von  Martina  gets  rid  of  objectors  by  speaking  of  them  as  "  acientific  men 
fswlhom  thBoaiter  o/eamprekmding  the  trvmnendtnm  km  been  imparled  inaUneerdegree," 
Se«  Uejen^Jghratieri^  1839,  or  i^UtfsvoH'c  Jcwntd  fer  Jauuary,  1B4I,  p.  170. 
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to  an  amoant  which  probably  differ  with  every  species  of  plant.  Tbe 
remainder  of  the  sap  and  of  the  substances  it  holds  in  solution  most  be 
diffused  through  the  cellular  sponr^  terminations  of  tbe  roots,  aod«  with 
the  new  supply  of  liauid  imbibed  from  the  soil,  returned  again  to  the 
stem  with  the  ascending  current. 

But  what  causes  the  sap  thus  to  ascend  and  descend  ?  By  wfaac 
power  is  it  first  sucked  up  through  the  roots,  and  afterwards  forced  down 
again  from  the  leaves  ?  Severu  answers  have  been  given  to  this  ques- 
tion. 

1^.  When  the  end  of  a  wide  tube,  either  of  metal  or  of  glaas,  is 
plunged  into  water,  the  liquid  will  rise  within  the  tube  sensibly  to  the 
same  level  as  that  at  which  it  stands  in  the  vessel.  But  if  a  capiltary* 
tube  be  employed  instead  of  one  with  a  wide  bore,  the  liquid  will  rise, 
and  will  permanently  remain  at  a  considerably  higher  level  within  than 
without  the  tube.  The  cause  of  this  rise  has  been  ascribed  to  an  attrac- 
tion which  the  sides  of  the  tube  have  for  the  liquid,  and  which  is  suffi- 
ciently strong  to  raise  it  and  to  keep  it  up  above  tbe  proper  level  of  .the 
water.  Tbe  force  itself  is  generally  distinguished  by  the  name  oicapUr- 
lary  aUrticUon. 

Now,  the  wood  of  a  tree,  as  we  have  seen,  is  composed  of  a  maas  of 
fine  tubes,  and  through  these. the  sap  has  been  said  to  rise  by  capillary 
€Utraction.  But  if  the  top  of  a  vine  be  cut  off*  when  it  is  juicy  and  full 
of  sap,  the  liquid  will  exude  from  the  newly  formed  surface,  and  if  the 
air  be  excluded,  will  flow  for  a  length  of  time,  and  may  be  collected  in 
a  considerable  quantity  [Lindley's  Theory  of  HortieuUure^  ji.  47,  note]. 
Such  a  flow  of  the  sap  is  not  to  be  accounted  for  by  mere  capillary  at- 
traction—the sides  of  tubes  cannot  draw  up  a  fluid  beyond  their  own 
extremities. 

2^.  To  supply  the  defect  of  this  hypothesis,  De  Saussure  suppoeed 
that  the  fluid  at  first  introduced  by  capillary  attraction  into  the  extremi- 
ties of  the  root,  was  afterwards  propelled  upwards  by  the  alternate  con- 
traction and  expansion  of  the  tubes  of  which  the  wood  of  the  root  and 
stem  is  composed.  This  alternate  contraction  and  expansion  he  also 
supposed  to  be  caused  by  a  peculiar  irritating  property  of  the  sap  itself, 
which  caused  each  successive  part  of  the  tube  into  which  it  found  ad- 
mission to  contract  for  the  purpose  of  expelling  it.  Mr.  Knight  also  as- 
cribed the  ascent  of  the  sap  to  a  similar  contraction  of  certain  other  parts 
of  the  stem.  Being  once  raised,  he  supposed  it  to  return  again  or  de- 
scend by  its  own  weight— but  in  drooping  branches  it  is  obvious  that  the 
sap  must  be  actually  driven  or  drawn  upwards  from  the  leaves  on  its  re- 
turn to  the  root.    These  explanations,  therefore,  are  still  unsatisfactory. 

3'.  If  one  end  of  an  open  ^lass  tube  be  covered  with  a  piece  of  mois- 
tened bladder  or  other  fine  animal  membrane,  tied  tightly  over  it,  and  a 
strong  solution  of  sugar  in  water  be  then  poured  into  the  open  end  of  the 
tube,  so  as  to  cover  the  membrane  to  the  depth  of  several  inches,  and  if 
the  closed  end  be  then  introduced  to  the  depth  of  an  inch  below  the  sur- 
face of  a  vessel  of  pure  water,  the  water  will  after  a  short  time  pass 
through  the  bladder  inwards,  and  the  column  of  liquid  in  the  tube  will 
increase  in  height.    This  ascent  will  continue,  till  in  favourable  circam- 

*  OkM  tubes  fvcUnnitA  hy  %  very  floe  bore,  Uke  a  homan  beir,  ere  ciUed  oqpiBsry  tQbe& 
Boeh  arettiaae  of  whiob  tbenBoniew  era  usoallf  nude. 
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( the  flaid  will  reac)i  the  height  of  seyeral  feet,  aod  will  flow  out 
or  run  over  at  the  open. end  of  the  tube.  At  the  same  time  the  water  io 
the  vessel  will  become  sweet,  indicating  that  while  so  jnach  liquid  has 
passed  through  the  membrane  inwards,  a  quantity  has  also  passed  out- 
wards, carry m£  sugar  along  with  it.*  To  these  opposite  effects  DulrO" 
cke£;  who  first  drew  attention  to  the  fact,  gave  the  names  of  EndosmosCf 
denoting  the  inward  progress,  and  ExosmoaCf  the  outward  progress  of  the 
fluid.  He  supposed  them  to  be  due  to  the  action  of  two  opposite  cur- 
rents of  electricity,  and  he  likens  the  phenomena  observed  during  the 
circulation  of  the  sap  in  plants,  to  the  appearances  presented  during  the 
above  experiment. 

Without  discussing  the  degree  of  probability  which  exists  as  to  the  in- 
fluence of  electricity  in  producing  the  pnenomena  of  endosmose  and  ex- 
osmose,  it  must  be  admitted  that  the  appearances  themselves  bear  a 
strong  resemblance  to  those  presented  in  the  absorption  and  excretion  of 
fluids  by  the  roots  of  plants— and  point  very  distinctly  \p  at  least  a 
kindred  cause. 

Thus,  if  the  spongy  termination  of  the  root  represent  the  thin  porous 
membrane  in  the  above  experiment— the  sap  with  which  the  tubes  of 
the  wood  are  filled,  the  artificial  solution  introduced  into  the  experimen- 
tal tube— and  the  water  in  the  soil,  the  water  or  aqueous  solution  into 
which  the  closed  extremity  of  the  tube  is  introduced,^we  have  a  series 
of  conditions  precisely  similar  to  those  in  the  experiment.  Fluids  ought 
consequently  to  enter  from  the  soil  into  the  roots,  and  thence  to  ascend 
into  the  stem,  as  in  nature  they  appear  to  do. 

This  ascent,  we  have  said,  will  continue  till  the  fluid  in  the  tubes  of 
the  wood  (the  sap)  is  reduced  to  a  density  as  low  as  that  of  the  liquid 
entering  the  roots  from  the  soil.  But  in  a  growing  tree,  clothed  with 
foliage,  this  will  never  happen.  The  leaves  are  continually  exhaling 
aqueous  vapour,  as  one  of  their  constant  functions,  and  sometimes  in 
very  large  quantity.  The  sap,  therefore,  when  it  reaches  the  leaves,  is 
eoncentratea  or  thickened,  and  rendered  more  dense  by  the  separation 
of  the  water,  so  that  when  it  descends  to  the  root,  and  again  begins  its 
upward  course,  it  will  admit  of  large  dilution  before  its  density  can  be 
so  far  diminished  as  to  approach  that  of  the  comparatively  pure  water 
which  is  absorbed  from  the  soil.  And  this  illustration  of  the  ascent  of 
the  sap  appears  the  more  correct  from  the  obvious  purpose  it  points  out 
— (in  addition  to  others  long  recognised)— as  served  by  the  evaporation 
which  is  constantly  taking  place  from  the  surface  of  the  leaf. 

Still  the  cause  of  the  ascent  of  the  sap  is  not  the  more  clear  that  we 
can  imitate  it  in  some  measure  by  an  artificial  experiment.  But  it  will 
be  conceded  by  the  strictest  reasoners  on  physical  phenomena,  that  to 
have  obtained  the  command,  or  even  a  partial  control,  over  a  natural 

*  liMtetd  of  Migsr,  eonmon  salt,  gam,  or  other  lolable  ■obttanceo  may  l>e  dlMoWad  in 
Am  water  Inttodoced  at  first  iolo  the  tube,  aod  the  denaer  thia  aolotion  the  lanerthe  quantity 
of  water  which  will  enter  by  the  memtwaiie,and  the  greater  the  height  to  which  the  column 
will  riee.  It  ceaaee  in  all  caeea  to  rise  only  when  the  porttona  of  Uqafd  within  and  without 
the  memlMwie  attain  nearly  to  the  aame  deoaity  (i  t.  contain  nearly  the  same  weight  of  aoUd 
matter  in  aolotioo.]  Inatead  of  pare  water  the  Teasel  Into  which  the  extremity  of 'the  tube 
la  plunged  may  also  contain  a  weak  aolotion  of  aome  aoluble  aubatance— such  aa  lime  or  aoda 
— m  which  eaea.  while  the  aogar,  or  salt,  or  gam,  will  paaa  ootwarda,  In  smaller  quantity,  the 
Hme  or  aoda  wUI  pass  UftWirdn,  aimog  with  Ihaeaireotaof  water  in  which  they  are  aeverally 
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power,  is  a  conmderable  step  towards  a  dear  eonceptioD  of  the  natura  of 
that  power  itself.  If  the  pheoomena  of  endosnoose  can  hereafter  be 
clearly  and  indubitably  traced  to  the  agency  of  electricity^  we  shall  have 
advanced  still  another  step,  and  shall  be  enabled  to  devise  other  means 
by  which  a  more  perfect  imitation  of  nature  may  be  efiected,  or  a  mote 
complete  control  asserted  over  the  phenomena  or  vegetable  circulatioo. 

^  4.  Functhns  of  the  $ten^ 

The  fimctions  of  the  stem  are  probably  as  various  as  those  of  the 
root,  though  the  circamstances  under  which  they  are  performed  neces- 
sarily involve  these  functions  in  considerable  obscurity. 

The  pith  which  forms  the  central  part  of  the  stem  consists,  as  I  have 
already  stated,  of  tubes  disposed  borizontaAy.  When  a  coloured  fluid 
is  permitted  to  enter  the  lower  part  of  the  stem  in  the  experiments 
above  described,  the  pith  remains  untinctured  in  the  centre  of  the  col- 
oured wood.  It  does  not,  therefore,  serve  for  the  conveyance  of  the  sap. 
Nor  does  it  seem  to  be  vitally  necessary  to  the  health  and  growth  of  the 
plant,  since  Mr.  Knight  has  shown  that,  from  the  interior  of  many  trees. 
It  may  be  removed  without  apparent  injury,  and  in  nature,  as  trees  ad<> 
Vance  in  age,  it  gradually  diminishes  in  bulk,  and  in  some  species  be- 
comes apparently  obliterated. 

The  vessels  of  the  wood,  which  surrounds  the  pith,  perform  proba* 
bly  both  a  mechanical  and  a  chemical  function.  They  serve  to  convey 
upwards  to  the  leaf  the  various  substances  which  enter  by  the  routs. 
1  his  is  their  mechanical  function.  But  during  its  progress  upwards, 
the  sap  appears  to  underso  a  series  of  changes.  Wlien  it  reaches  the 
leaves  it  is  nd  longer  in  the  state  in  which  it  ascended  from  the  mot  into 
the  stem.  The  difficulty  of  extracting  the  sap  from  the  wood,  at  dif- 
ferent heights,  has  prevented  very  nforous  experiments  from  being 
made  on  its  nature  and  contents  at  the  several  stages  of  its  ascenu 
Tliese  it  is  obvious  must  vary  with  the  species  and  age  of  the  plant,  and 
with  the  season  of  the  year  at  which  the  experiment  is  made.  But  the 
general  result  to  be  drawn  from  such  observations  as  have  hitherto  been 
made,  is,  that  those  substances  which  enter  directly  into  the  root,  when 
mingled  with  such  as  have  already  passed  through  the  circulation  of  the 
plaut,  undergo,  during  their  ascent,  a  gradual  preparation  for  that  state 
in  which  they  become  fit  to  minister  to  the  growth  of  the  plant.  This 
preparation  is  completed  in  a  great  measure  in  the  leaf,  though  further 
changes  still  go  on  as  the  sap  descends  through  the  bark.  This  deduc- 
tion is  stren^ened  by  the  fact  that  gaseous  substances  of  various  kinds 
and  in  varying  quanuties  exist  in  the  interior  of  the  wood  of  (be  grow- 
ing plant.  These  gaseous  subtances,  according  to  Boucherie,  are  in 
some  cases  equal  in  bulk  to  one-twentieth  part  of  the  entire  trunk  of  the 
tree  in  which  they  exist.  They  probably  move  upwards  along  with 
the  sap,  and  are  more  or  less  completely  discharged  into  the  atmosphere 
through  the  pores  of  the  leaves.  That  these  caseous  substances  not 
only  difier  in  quantity,  but  in  kind  also,  with  the  a^  and  species  of 
the  tree,  and  with  the  season  of  the  year,  may,  I  think,  be  considered 
as  almost  amounting  to  a  proof  that  tney  have  not  been  inhaled  direct- 
ly by  the  roots,  but  ^re  the  result  of  cbenucal  decompositions  which 
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have  taken  place  on  the  stem  itself,  as  die  sap  moanted  upwards  to* 
wards  the  leaves. 

We  have  seen  that  the  roots  exercise  a  kincl  of  di^rimiDating  power 
in  admitting  to  tbe  circulation  of  the  plant  the  various  substances  ^hich 
are  present  in  the  soil.  The  vessels  of  the  stem  exhibit  an  analogous 
power  of  admitting  or  rejecting  the  solutions  of  difTerent  substances  into 
which  they  >may  he  immersed.  Thus  Bouch^e  states  that,  when  the 
trunks  of  several  trees  of  the  same  species  are  cut  off  above  the  roots« 
and  the  lower  extremities  immediately  plunged  into  solutions  of  differ* 
ent  substances,  some  of  these  solutions  will  quickly  ascend  into  and  pen- 
etrate the  entire  substance  of  the  tree  immersed  in  them,  while  others 
will  not  be  admitted  at  all,  or  with  extreme  slowness  only,  by  the  ves" 
sels  of  the  stems  to  which  they  are  respectively  presented.  On  the 
other  hand,  that  which  is  rejected  by  one  species  will  bei  readily  admit- 
ted by  another.  Whether  this  partial  stoppase  of,  or  total  refusal  to  ad-» 
ttiit,  certain  substances,  be  a  mere  contr<icme  e&on  on  the  part  of  the 
vessels,  or  be  the  result  of  a  chemical  change  by  which  their  exclusion 
is  efiected  or  resisted,  does  not  as  ye%  clearly  appear.  That  it  does  not 
depend  upon  the  lightness  and  porosity  of  the  wood,  as  might  be  sup- 
posed, is  shown  by  the  observation  that  the  poplar  is  less  easily  pene- 
trated io  this  way  than  the  beech,  and  the  willow  than  the  pear  tree^ 
the  maple,  or  the  plane. 

These  various  functions  of  the  woody  part  of  the  stem  are  performed 
chiefly  by  the  newer  wood  or  aZ&urfium,  or,  as  it  is  often  called,  the  sap 
wood  of  the  tree.  As  the  heart  wood  becomes  older,  the  tubes  of  which 
it  consists  are  either  gradually  stopped  op  by  the  deposition  of  solid 
substances  which  have  entered  by  the  roots,  or  by  the  frirmaiion  of 
chemical  compounds,  which,  like  concretions  in  the  bodies  of  animals^ 
slowly  increase  in  size  till  the  vessels  become  entirely  closed — or  they 
are  by  degrees  compressed  laterally  by  the  growth  of  wood  around  them^ 
so  as  to  Income  incapable  of  transmitting  the  ascending  fluids.  Per- 
haps the  result  is  in  most  cases  due  in  port  to  both  these  causes.  This 
more  or  less  perfect  stoppage  of  the  oldest  vessels  is  one  reason  why  the 
course  of  the  sap  is  chiefly  directed  through  the  newer  tubes.* 

The  fnnctions  of  the  bark,  which  forms  the  exterior  portion  of  the 
stem,  will  be  more  advantageously  described,  after  we  shall  have  coii« 
adered  the  purposes  served  by  the  leaves. 

§5.  FtmcHoTUt  of  the  leaves* 

The  vessels  of  which  the  sap  wood  is  composed  extend  upwards  into 
the  fibres  of  the  leaf.  Through  these  vessels  the  sap  ascends,  and  from 
their  extremities  difluses  itself  over  the  surface  of  the  leaf.  Here  it  un-* 
dergoes  important  chemical  changes,  the  extent,  if  not  the  exact  nature, 
of  which  will  appear  from  a  short  descripdoD  of  the  functions  which  the 
leaves  are  known  or  are  believed  to  discnarge. 

1°.  When  the  roots  of  a  living  plant  are  immersed  in  water,  it  is  a 

*  Xstbe  newest  raou are  prolonntlOQg  of  (be  oeweat  wood,  it  mar  lie  eoppoeed  ituit  the 
mA  of  tbece  rooti  being  die  chief  abeorbents  ftom  the  eoO,  le  a  •ufflclent  reason  whj  thaC 
vhleb  ie  atMorbed  by  tnem  ahoold  alao  pees  np  thnrag h  the  wood  wlih  which  tbej  are  moeC 
■loeely  eoooeeled.  But  that  Uie  porea  of  Uie  heart  wood  are  really  Incapable  of  tranamh- 
nv  fluids,  la  shown  bj  plnocing  the  newlr  cot  stem  of  a  tree  faito  a  coloored  sohitioB— ihe 
■ewer  wood  wm  be  dyed,  wAito  BMire  or  MS  of  the  oiotial  porUon  wiU  raaiaia  o&di^^ 
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matter  of  familiar  obsenratton  that  the  water  gradually  diminishea  in 
bulk,  and  will  at  length  eotirely  disappear,  even  when  evaporation  info 
the  air  is  entirely  prevented.  The  water  which  thus  disappNeara  is  taken 
up  by  the  roots  of  the  plant,  is  carried  up  to  the  leaves,  is  there  spread 
out  over  a  large  surface  exposed  to  the  sun  and  to  the  air,  and  in  the 
form  of  vapour  escapes  in  considerable  proportion  through  the  pores  of 
the  leaves  and  diffuses  itself  through  ihe  atmosphere. 

The  quantity  of  water  which  thus  escapes  from  the  surface  of  the 
leaves  varies  with  the  moisture  of  the  soil,  with  the  species  o€  plant, 
with  the  temperature  and  moisture  of  the  air,  and  with  the  season  of  the 
year.  According  to  the  experiments  of  Hales,  it  is  also  dependent  on 
the  presence  of  the  sun,  and  is  scarcely  perceptible  during  the  night. 
He  found  that  a  sun-flower,  3)  feet  high,  lost  from  its  leaves  during  13 
hours  of  one  day  30,  and  of  another  day  20  ounces  of  water,  while  during 
a  warm  night,  without  dew,  it  lost  only  three  ounces,  and  in  a  dewy 
night  underwent  no  diminution  in  weight.* 

This  loss  of  watery  vapour  by  the  leaf  is  ascribed  to  two  different 
kinds  of  action.  First,  to  a  natural  perspiration  from  the  pores  of  the 
leaf,  similar  to  the  insensible  persfyiration  which  is  continually  proceed- 
ing from  the  skins  of  healthy  animals ;  and  second,  to  a  mechanical 
evaporation  like  that*  which  gradually  takes  place  from  the  surface  of 
moist  bodies  when  ex()osed  lo  hot  or  dry  air.  The  relative  amount  of 
loss  due  to  each  of  these  two  modes  of  action  respectively,  must  difier 
very  much  in  diflerent  species  of  plants,  being  dependent  in  a  great 
measure  on  the  special  structure  of  the  leaf.  In  all  cases,  however,  the 
natural  perspiration  is  believed  very  greatly  to  exceed  the  mere  mechan- 
ical evaporation— though  the  results  of  Hales,  and  of  other  experimen- 
ters, show  that  both  processes  proceed  with  the  greatest  rapidity  under  the 
influence  of  a  warm  dry  atmosphere,  aided  by  the  direct  rays  of  the  sun. 

Among  the  several  purposes  served  by  this  escape  of  watery  vapour 
ftom  the  surface  of  the  leaf,  it  is  of  importance  for  us  to  notice  the  direct 

'  When  the  eecape  oftspoar  flrom  the  learea  1«  more  rapid  thu  the  wppljr  of  wafer  fraa 
ttie  roots,  the  leevee  droop,  dry,  end  wlUier.  flaeh  is  someUmee  the  case  wUh  growiiv 
crops  In  very  hot  weather,  and  it  always  happens  when  a  twig  or  flower  is  plucked  and  sep- 
arated rrom  the  stem  or  tool  When  thus  separated  the  leaves  stlU  continue  to  give  off  w»> 
lery  vapo<ir  into  tlie  air.  and  conseqaeoUy  the  sap  ascands  from  the  twig  or  8L*lk  to  supply 
the  place  of  the  water  thus  exhaled. 

Biu  as  the  sap  ascends  It  must  leave  the  vessels  empty  of  fluid,  and  air  mast  rash  In  to 
fill  the  empty  space.  This  will  continue  Ull  neariy  all  Uie  Hiitd  has  risen  from  the  stem  into 
the  leaf,  and  the  vessels  of  the  wood  are  full  of  air.  But  if  the  stem  of  the  twig  or  flower  be 
placed  in  %vater  this  liquid  will  rise  Into  It,  air  will  be  exchided,  and  (he  freshness  and  bloom 
of  the  leaves  and  flowers  will  be  longer  preserved.  If  the  water  into  which  they  are  taitro* 
duced  contain  any  sobatances  in  solution,  these  wlU  rise  along  with  the  water,  and  wiH  grad- 
ually malie  thoir  way  through  all  Uie  vessels  of  the  wood,  tiH  itiey  can  be  deteded  in  the 
leaves.  Bv  this  means  even  large  trees  may  In  a  short  time  be  saturated  wHh  saline  solu- 
tions, capable  of  preservinft  them  from  decay.  It  is  only  necessary  to  cnt  down  or  mw 
through  Ihe  tree  and  insert  its  lower  extremity  Into  the  prepared  solution,  when  the  ariioa 
of  the  sun  and  air  upon  the  leaves  will  cau«e  It  spontaneously  to  ascend.  Tlius  oorrosive 
mUimate  (the  snbject  of  Kyan's  Patent)  may  be  injected  with  ease,  or  pyr^ignit^  ofirtm. 
(iron  dissolved  In  wood  vinegar,)  wliich  Boucherie  recommends  as  e((uaily  eflicientaod 
much  more  economical,  [Ann.  dt  Chim.  el  de  Phyt.  Ixxiv.  p.  113.]  The  process  is  finished 
when  the  ItquM  is  found  to  have  risen  to  the  leaf.  Coloured  solutions  may  in  the  siime  way 
Im  injected  and  Ihe  wood  tinged  to  any  required  shade.  One  of  the  chief  benefits  attendant 
Upon  the  cuuing  of  wood  In  the  winier,  appears  to  be  that  the  absence  of  leaves  prevenu  the 
nxhaustion  of  the  sap  and  the  ascent  of  air  into  the  vessels  of  the  wood— the  oxygen  of  tills 
air  tending  to  Induce  decay.  But  the  sap  may  be  retained,  and  the  air  excluded  almost  aa 
effectually,  at  any  other  season  of  the  year,  by  stripping  the  trM  of  its  leaves  and  bmachsaa 
few  daya  before  it  la  cutdown. 
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chemical  iofluence  it  exercises  over  the  growth  of  the  plant.  As  the  water 
^.^  disappears  from  the  leaf,  the  roots  must  absorb  from  the  soil  at  least  an 
^^  equal  supply.  This  water  brings  with  it  the  soluble  substances,  organ- 
s'^ ic  and  inorganic,  which  the  soil  contains,  and  thus  in  proportion  to  the 
tns(^  activity  with  which  the  leaves  lose  their  watery  vapour,  will  be  the 
tk^<  quantity  of  those  substances  which  enter  from  the  soil  into  the  general 
W^  circulation  of  the  plant.  This  enables  us  to  understand  how  substances* 
very  sparingly  soluble  in  water,  should  yet  be  fotmd  in  the  interior  of 
{fee*  plants,  and  in  very  considerable  quantity,  at  almost  every  stage  of  their 
s^-     growth. 

\it^  2°.  Besides  watery  vapour,  however,  the  leaves  of  nearly  all  plants 
^¥  exhale  at  the  same  time  other  volatile  compounds  in  greater  or  less 
^'  abundance.  In  the  petals  of  flowers,  we  are  familiar  wiih  such  exha- 
JEffi^  lations—often  of  an  agreeable  and  odoriferous  character.  In  the  case  of 
Kf.^  plants  and  trees  also  which  emit  a  sensible  odour,  we  readily  recognise 
idi'  the  fact  of  volatile  substances  being  given  off  by  the  leaves.  But  even 
when  the  sense  of  smell  gives  us  no  indication  of  their  emission  from  a 
giir^  single  leaf  or  a  single  plant,  the  introduction  of  a  number  of  such  in- 
tft-  odorous  plants  into  Uie  confined  atmosphere  of  a  small  room  after  a  time 
g&y  satisfies  us  that  even  they  part  with  some  volatile  matter  from  their 
1 0^  leaves,  which  makes  itselfperceptible  to  our  im  perfect  organs  only  when 
<^^  in  a  concentrated  %tate.  The  probability  therefore  is,  that  the  leaves  of 
ffs*  all  plants  emit,  along  with  the  watery  vapour  which  they  evolve,  cer- 
■,^  tain  other  volatile  substances  also,  though  often  in  quantities  so  minute 
I  i':  ^  as  to  escape  detection  by  our  unaided  senses.  By  the  emission  of  these 
^  substances  the  plant  probably  relieves  itself  of  w}«at  would  prove  inju- 
f*^  rious  if  retained,  though  of  the  chemical  nature  and  composition  of  these 
a^  exhalations  little  or  nothing  has  yet  been  ascertained. 
r^  3^.  If  the  branch  of  a  hving  plant  be  so  bent  that  some  of  its  leaves 

if  can  be  introduced  "beneath  the  edge  of  an  inverted  tumbler  full  of  water, 
[fif  and  if  the  leaves  be  then  exposed  to  the  rays  of  the  sun,  bubbles  of  gas 
y  will  be  seen  to  form  on  the  leaf,  and  gradually  to  rise  through  the  water 
and  collect  in  the  bottom  of  the  tumbler.  If  this  gas  be  examined  it 
10'       will  be  found  to  be  pure  oxygen. 

1^  If  the  water  contain  carbonic  acid  gas,  or  if  during  the  experiment  a 

ft       little  carbonic  acid  be  introduced,  this  gas  will  be  found  gradually  to  dis- 
**       appear,  while  the  oxygen  will  continue  to  accumulate. 
i*  Or  if  the  experiment  be  made  by  introducioff  a  living  plant  into  a  large 

^  bell-glass  full  of  common  atmospheric  air,  aUowing  it  to  grow  there  for 
p  12  hours  in  the  sunshine,  and  then  examining  or  analysing  the  air  con- 
tained in  the  elass,  the  result  will  be  of  a  precisely  similar  kind.  The 
per  centage  of  oxygen  in  the  air  will  have  increased.*  And  if  the  ex- . 
periment  be  varied  by  the  introduction  of  a  small  quantity  of  carbonic 
acid  gas  into  the  jar,  this  gas  will  be  found  as  before  to  dimmish  in  quan- 
tity, while  the  oxygen  increases.  The  conclusion  drawn  from  these 
experiments,  therefore,  is,  that  the  leaves  ofpUmis,  when  exposed  to  the 
rays  of  the  sun,  absorb  carbonic  acid  from  the  air  and  give  off  pure  oxy* 
gen  gas. 
It  has  been  already  stated  that  the  proportion  of  carbonic  acid  present 
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In  the  atmosphere  is  exceedingly  small,  [about  l-2500th  of  this  bulk—* 
see  Lecture  U.,  p.  30 ;]  but  if  for  the  purpose  of  experiment  we  increase 
this  proportion  in  a  gallon  of  air  to  five  or  ten  per  cent.,' introduce  a  liv* 
ing  plant  into  it,  and  expose  it  to  the  sunshine,  the  carbonic  acid  will 
gradually  disappedr  as  before,  while  the  oxygen  will  increase.  And  if 
we  analyse  the  air  and  estinlate  the  exact  bulk  of  each  of  these  gases 

S resent  in  it  at  the  closeof  Our  experiment,  we  shall  find  that  the  oxygen 
as  increased  generally  by  as  much  as  the  carbonic  acid  has  diminished. 
That  is  to  say,  if  five  cubic  inches  of  the  latter  have  disappeared,  five 
cubic  inches  will  have  been  added  to  the  bulk  of  the  oxygen.  Tim 
above  general  conclusion,  therefore,  is  rendered  more  precise  by  this  er- 
perimeni,  which  appears  to  show  that  under  the  injluence  of  the  sun*$ 
rays  the  leaves  of  plants  absorb  carbonic  acid  from  the  aitt  ana  at  the  same 
time  give  offAV  e^oal  bulk  of  oxygen  gas. 

And  as  carbonic  acid  (COa)  contains  its  own  bulk  of  Okygen  gas* 
combined  with  a  Certain  known  weight  of  carbon,  it  is  further  inferred 
that  the  oxygen  given  off  by  the  leaves  is  this  same  which  has  been  pre-* 
viously  absorbed  in  the  form  of  carbonic  acid,-  and  therefore  it  is  usually 
Stated  as  a  function  of  the  leaves— that  in  the  sunshine  thev  absorb  car- 
borne  acid  from  the  air^  dkcompose  it  in  the  interior  of  the  leaft  retain  its 
earbon,  and  again  reject  or  ethH  the  oxygen  it.  contained. 

This  conclusion  presents  a  very  simple  view  of  the  relations  of  oxygen 
and  carbonic  acid  respectively  to  the  living  leaf  in  the  presence  oi^  the 
sun,  and  it  appears  to  be  fairly  deduced  from  the  facts  above  stated. 
It  h&s  occasionally  been  observed,  however,  that  the  bulk  of  oxygen 
given  off  by  the  leaf  has  not  been  precisely  e(]ual  tu  that  of  the  carbonic 
acid  absorbed,  [see  Perso:^,  Chimie  Moleculaire\  p.  54,]  and  hence  it  is 
also  fairly  concluded  that  a  portion  of  the  oxygen  of  the  carbonic  acid 
Which  enters  the  leaf  is  retained,  and  made  available  in  the  production 
of  the  various  substances  which  are  formed  in  the  vascular  system  of 
difierent  plants.  On  the  other  hand  it  is  staged  by  Sprengel,  that  if  com- 
pounds containing  much  oxygen  be  presented  to  the  roots  of  planu,  and 
thus  introduced  into  the  circulation,  they  are  also  decomposed,  and  the 
oxygen  they  contain  in  part  or  in  whole  given  off  by  the  leaves,  so  that. 
Under  certain  circumstances,  the  bulk  of  the  oxygen  which  escapes  is 
actually  greater  than  that  of  the  carbonic  acid  which  is  absorbed  by  the 
leaves.  Such  is  the  case,  for  example,  when  the  roots  are  moistened 
With  water  containing  carbonic,  sulphuric,  or  nitric  acids.*- [Sprengel 
OiemiCj  II.,  p.  344.] 

It  is  of  importance  to  note  these  deviations  from  apparent  simpHcity 
in  the  relative  bulks  of  the  two  gases  which  are  respectively  given  on* 
and  absorbed  by  all  living  vegetables.  There  are  numerous  cases  of  the 
formation  of  substances  in  the  interior  of  plants  wbichlheory  would  fail 
to  account  for  with  any  degree  of  ease,  were  these  apparent  anomalies 
to  be  neglected.  This  will  more  distinctly  appear  when  in  a  subsequent 
lecture  we  shall  inquire  Jioto  or  by  what  chemical  changes  the  substan- 
ces which  plants  contain,  or  of  which  they  consist,  are  produced  from 
the  food  which  they  draw  from  the  air  and  from  the  soil. 

*  This  the  reader  wiU  recollect  is  proved  by  bomlng  charcoal  in  a  bottie  of  oxygen  gasUII 
eoBbaaUon  ceaaea.  when  nearlv  Uie  whole  of  Uie  oxjgea  ia  cooTeited  into  caitonie  add,  koK 
vftboot  Ghaofe  of  baIk.~aoe  LqfUue  UL,  p.  IB. 
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*fhe  HKMt  general  sod  pmbable  expresekm,  thereibre,  (or  the  ftinction 
of  the  leaf,  now  under  consideration,  appears  to  be  that  in  the  sunshine 
the  leaves  absorb  from  the  air  carbonic  acid,  and  at  the  same  time 
evolve  oxygen  gas,  the  bulk  of  the  latter  gas  giv^  off  beinff  nearly 
eqaal  to  that  of  the  former  which  is  taken  in— the  relative  bulks  of  the 
tflv  gases  varying  more  or  less  with  the  species  of  plant,  as  well  as 
with  the  circumstances  under  which  it  is  caused  or  is  fitted  to  grow.* 

4^.  Such  is  the  relation  of  the  leaf  to  the  oxygen  and  carMnic  acid 
of  the  atmosphere  in  the  presence  of  the  son.  During  the  night  their 
•etioa  is  reversed,  they  emit  carbonic  acid  and  ahBorh  oxygen.  This  is 
proved  by  experiments  similar  to  those  above  described.  For  if  the 
plant  which  has  remained  under  the  bell-glass  for  13  boors  in  the  sun- 
•biiie— during  which  time  the  oxygen  has  sensibly  increased,  and  the 
carbonic  acid  diminished  in  botk— 1^  allowed  to  remain  in  the  same  air 
through  the  following  night,  the  oxygen  will  be  found  to  have  decreased, 
while  the  carbonic  acid  will  be  present  in  larger  quantity  than  in  the 
evening  of  the  previous  day. 

The  carbonic  acid  thus  given  oflf  during  the  night  is  supposed  to  be 
partly  derived  from  the  soil  through  the  roots,  and  partly  firom  the  sub- 
stance of  the  plant  itself.  The  oxygen  absorbed  either  combines  with 
the  carbon  of  the  plant  to  form  a  portion  of  the  carbonic  acid  which  is 
at  the  same  time  given  off  or  is  employed  in  producing  some  of  the 
other  oxidixed  [containing  oxygen  in  considerable  quantity]  compounds 
that  exist  in  the  sap. 

As  a  general  rule,  the  quantity  of  carbonic  acid  given  oflT  during  the 
night  is  far  from  being  equal  to  that  which  is  absorbed  during  the  day. 
8ull  it  is  obvious  that  a.  plant  loses  carbon  precisely  in  proportion  to  the 
amoum  of  this  gas  given  oflf.  Hence,  when  the  days  are  longest,  the 
plant  will  lose  the  least,  and  where  the  sun  b  brightest  it  will  gain  the 
fastest ;  since  other  things  being  equal,  the  decomposition  of  carbonic 
aeid  proceedi  most  rapidly  where  the  sky  is  the  clearest,  and  the  rays 
of  the  sun  most  powerful.  Hence  we  see  why  in  Northern  regions, 
where  spring,' summer,  and  autumn  are  all  comprised  in  one  Ions  day 
— vegetation  should  proceed  with  such  rapidity.  The  decomposition  of 
the  carbonic  acid  goes  on  without  intermission,  the  leaves  have  no  night 
of  rest,  but  nature  has  kindly  provided  that,  where  the  season  of 
warmth  is  so  fleeting,  there  should  be  no  cessation  to  the  necessary 
growth  of  food  for  man  and  beast. 

This  comparison  of  the  functions  performed  by  the  leaf,  during  the 
day  and  night  respectively,  explains  the  chemical  nature  of  the  blanAing 
of  vegetables  practised  by  the  gardener,  as  well  as  the  cause  of  the  pale 
colour  of  planu  that  grow  naturally  in  the  absence  of  light. 
^  When  exposed  to  the  sun,  the  leaves  of  these  sickly  vegetables  evolve 
oxygen,  and  gradually  become  green  end  healthy.  Woody  matter  is 
formed,  and  the  stems  become  strong  and  fibrous. 

The  light  of  the  sun,  in  the  existing  economy  of  nature,  is  indeed 
equally  necessary  to  the  health  of  plants  and  of  animals.    The  former 

'  Afl  the  oxygen  given  off  br  Uit  ieeyoe  le  alurayt  Ae  reeoU  of  a  ehemlcal  deoooipOBlUoo, 
by  which  Uie  carbonic  acid  or  oUier  compound  la  deprtTcd  of  a  portion,  at  leaat,  of  iu  0x7. 
ten  or ^oxidiaed,  tlUa  function  of  ttia  lea?«a  in ttie  pneenoa  of  tba  mu  ft  ofieo  spoken  of  j 
•a  their  de-oskUMing  power, 
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become  pale  and  sickly,  aod  refuse  to  perform  tbeir  most  impcxtant 
chemical  functions  wlien  excluded  from  the  light.  The  bloom  diaap* 
pears  from  tbe  human  cheek,  the  body  wastes  away,  and  the  apiril 
sinks,  when  the  unjiappy  prisoner  is  debarred  from  the  sight  of  tbe  biased 
sun.  In  his  system,  too,  the  presence  of  light  is  necessary  to  tbe  perfor- 
luance  of  those  chemical  functions  on  which  the  healthy  cpDdition  of  the 
vital  fluids  depends. 

The  processes  by  which  oxygen  and  carbonic  acid  are  respectively 
evolved  in  plants  have  been  likened  by  physiologists  to  the  respiration 
and  digestion  of  animals.  It  is  supposed  that  when  plants  respire  they 
give  on  carbonic  acid  as  animals  do,  and  that  when  they  digest  they 
evolve  oxygen.  Respiration  also,  it  is  said,  pioceeds  at  all  times,  diges- 
tion only  m  the  light  of  the  sun.  Though  these  views  are  confess^y 
conjectural,  they  are  founded  upon  striking  analogies,  and  may  reason- 
ably be  entertained  as  matters  of  opinion. 

6°.  Other  species  of  decomposition  also,  besides  that  o£  de-oxidvuUum^ 
go  on  in  the  leaf,  or  are  (here  made  manifest.  Thus  when  plants  grow 
in  a  soil  containing  much  common  salt  (chloride  of  sodium)  or  other 
chlorides,  they  have  been  observed  by  Sprengel  and  Meyen  to  evolve 
chloride*  gas  from  their  leaves.  This  takes  place,  however,  more  dar- 
ing the  ni&ht  than  during  ilie  day.  Some  plants  also  give  ofTamnaonia, 
(Lecture  IV.,  p.  7U,)  while  others  (crucifers),  according  to  Dr.  Daube- 
ny,  [in  his  Three  Lectures  on  Agriculture^  p*  59,]  emit  from  their  leaves 
pure  nitrogen  gas. 

The  evolution  of  chlorine  implies  the  previous  decomposition  of  the 
chlorides,  which  have  been  absorbed  from  the  soil;  while  that  of  nitro- 
gen may  be  due  to  the  decomposition  of  ammonia,  of  nitric  acid,  or 
of  some  other  compound  containing  nitrogen,  which  has  entered  into  the 
circulation  by  the  roots.  The  exact  mode  and  nature  of  the  decompo- 
ntion  of  these  substances,  and  the  purposes  served  by  them  in  the  vegeta- 
ble economy,  will  come  under  our  consideration  in  a  subsequent  lecture* 

The  leaf  has  been  described  (p.  76)  as  an  expansion  of  the  bark. 
It  consists  internally  of  two  layers  of  veins  or  vascular  fibres  laid  one 
over  the  other,  the  upper  connected  with  the  wood — the  lower  with  the 
inner  bark.  It  is  covered  on  both  sides  by  a  thin  membrane  (epider- 
mis), the  expansion  of  the  outer  bark.  This  thin  membane  is  studded 
with  numerous  small  pores  or  mouths  (stomata),  which  vary  in  size  and 
in  number  with  the  nature  of  the  plant,  and  with  the  circumstances  in 
which  it  is  intended  to  grow.  It  is  from  the  pores  in  the  upper  part  of 
the  leaf  that  substances  are  supposed  to  be  exhaled,  while  every  thing 
that  is  inhaled  enters  by  those  which  are  observed  in  the  under  side  of 
the  ieaf.f  This  opinion,  however,  is  not  universally  received,  it  being 
admitted  by  some  that  the  power  both  of  absorbing  and  of  emitting 
may  be  possessed  by  the  under  surface  of  the  leaf. 

7°.  We  have  seen  that  the  chief  supply  of  the  fluids  which  constitute 

*  Chlorine  to  a  gu  of  a  f^-eenish  yolli  >w  colour,  having  an  unpleaitant  taafe  and  a  aofibcatiiv 
odour.  When  Ic  combines  with  other  subslances  it  for  me  ehlurides.  Ii  exists  in,  and  iDt* 
naits  its  smell  to,  chloride  of  Unu.  which  Is  employed  for  disinfecting  porpoaea,  and  fl 
lorms  upwards  of  half  the  weight  ot  common  salt 

t  This  is  iUottrated  by  the  action  of  a  cabbage  leaf  on  a  wound.  If  the  upper  side  be  sp* 
pliad,  the  sore  is  protected  and  quickly  heals,  while  tbe  under  side  «froiM  it  and  prodaces  • 
conatant  diaehaige. 
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tlw  np  af  plants,  is  derived  from  the  soil.  The  under  side  of  the 
leaves  of  plants  is  also  sapposed  by  some  to  be  capable  of  absorbing 
moisture  from  the  air,  either  in  the  foxm  of  watery  vapoar,  or  when  it 
fiiUs  upon  the  leaves  in  the  state  of  dew.  Like  rho  roots  also  they  ma/ 
absorb  with  the  dew  any  substances  the  latter  happens  to  hold  in  solu- 
tion. And  thus  plants  may,  in  some  degree,  be  nourished  by  the  vola- 
tile  organic  sabstances  which  ascend  from  the  earth  during  the  heat  of 
the  day,  and  which  are  again  in  a  gre«t  meamire  pvecipiuted  with  the 
evening  dew. 

WhiMher^e  leaves  ever  absorb  nitrogen  gas  Aom  the  air  has  not  as 
yet  been  determined  with  sufficient  accnracy.  if  they  do,  it  must  in  gene- 
ral be  in  very  small  quantity  only,  since  it  has  hitherto  escaped  detec- 
tien.  In  like  manner  ii  is  doubtfnl  how  far  they  regularly  absorb  any 
other  substances  which  the  air  is  supposed  to  contain.  Thus  it  is  known 
Ihat  nitric  acid  exists  in  the  air  in  very  minnce  quantity.  Some  chem- 
ists also  believe  that  ammoniais  extensively  difihsed  throagh  the  atmos- 
phere in  an  exceedingly  diluted  state.  Do  the  leaves  of  plants  absorb 
these  substances  1  Is  the  absorption  of  them  one  of  the  constant  and  ne- 
oessary  functions  of  the  leaves  ?  The  roply  to  these  questions  must  be 
very  uncertain,  and  any  principle  which  professes  to  be  based  upon  such 
a  reply  must  be  regarded  only  as  a  matter  of  opinion. 

8^.  The  petals  of  flower-leaves  perform  a  somewhat  different  function 
from  those  of  the  ordinary  leaves  of  a  plant.  They  absorb  oxygen  at 
all  times— though  more  by  day  than  by  nigh&--and  they  constantly  emit 
carbonic  acid.  The  bulk  of  the  latter  gas  evolved,  however,  is  less  than 
that  of  the  oxygen  taken  in.  The  absorptioti  of  oxygen  gas,  and  the 
constant  production  of  carbonic  acid,  is,  in  some  flowers,  so  great  as  to 
cause  a  perceptible  increase  of  temperature^^and  to  this  slow  combus- 
tion, so  to  speak,  the  proper  heat  observed  in  the  flowers  of  many  plants 
has  been  attrTbttte<l. 

According  to  some  authors,  the  flower-leaves  also  emit  pure  nitrogen 
gas.— >[Spiengel,  CkemK,  II.,  p.  347.]  This  fact  has  not  yet  been  deter- 
mined by  a  snfficieat  number  of  accurate  experiments;  it  is  in  accord- 
ance, however,  with  the  results  of  Boussingault,  that,  when  a  plant 
flowers  and  approaches  to  maturity,  the  nitrogen  it  contains  becomes 
less,  if  conftrmed,  this  evolution  m  nitrogen  would  throw  an  interest- 
ing light  on  the  most  advantageous  em  ploy  nient  of  green  crops,  both  for 
the  purposes  of  manure  and  for  the  feeding  of  cattle. 

9^.  When  the  leaves  of  a  plant  begin  to  decay,  either  naturally  as  in 
autumn,  or  from  artificial  or  accidemal  causes,  they  no  longer  absorb 
and  decompose  carbonic  acid,  even  under  the  influence  of  the  sun's  rays. 
On  the  contrary,  they  absorb  oxygen,  like  the  petals  of  the  flower,  new 
compounds  are  formed  within  their  substance— their  green  colour  disap- 
pears-^ihey  become  yellow— they  wither,  die,  and  drop  from  the  tree— 
tbeir  final  function,  as  the  organs  of  a  living  being,  is  discharged.  They 
thep  undergo  new  changes,  are  subjected  to  a  new  series  of  influences, 
and  are  made  to  serve  new  purposes  in  the  economy  of  nature.  These 
we  shall  hereafter  find  to  be  no  less  interesting  and  important  in  refer- 
ence to  a  farther  end,  than  are  the  functions  of  the  living  leaf  to  the 
Kwth  and  nourishment  of  the  plant.— >[See  subsequent  lecture,  **  Onthe 
^  ^flke  decay  of  organic  iubstanccMJ*] 
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$  6.  Funehamt  of  the  hark. 

The  inner  bark  being  oonneGied  wirh  the  under  layer  of  ▼eeeeb  m  the 
laaft  receWes  from  them  the  nap  after  it  has  been  changed  hj  the  mssAom 
of  the  air  and  light*  and  tranailiita  it  downwards  to  the  root. 

The  outer  barlu  etpecially  in  young  twip  an^  ift  the  italka  of  the 
gnioee,  so  ckiaely  reeemblee  thelewree  in  its  appearance,  that  -we  cmm 
have  no  difficulty  in  admilttog  ih»l  it  aruist,  not  onfirequently,  peHbrm 
similar  functions.  In  the  Cactus,  the  Stapelia,  and  other  plmta  wfaieb 
pioduce  no  true  leaves,  this  outer  bark  seesss  to  perfbnn  all  the  functions 
which  in  other  vegetable  tribes  are  specially  assigned  to  the  abondaat 
foliage.  During  its  descent  through  the  inner  bark,  therefore,  the  sap 
must  in  very  many  cases  undergo  chemical  changes,  more  or  lesa  anah>- 
gous  to  those  which  usuall;jf  take  place  in  the  leaH 

It  is  by  means  of  the  umer  berk  that  the  stems  of  trees,  such  as 
our  forest  and  fruit  trees,  are  enlarged  by  the  deposition  of  annual 
layers  of  new  wood.  The  woody  fibre  is  formed  or  prepared  ia 
the  leaf,  and  as  the  sap  descends  it  is  deposited  beneath  the  inner  snr- 
foce  of  the  inner  bark.  It  thus  happens  that,  as  the  sap  descends,  it  ia 
gradually  deprived  of  the  substances  it  held  in  solution  when  it  left  the 
leaf,  and  in  consequence  it  becomes  difficult  to  say  how  mach  of  the 
chan^,  which  the  sap  is  found  to  have  undergone  when  it  reaches  the 
root,  IS  due  to  chemical  transformations  produced  during  its  descent,  and 
how  much  to  the  depositioo  of  the  woody  fibre  and  otMr  matters  it  has 
parted  with  by  the  way. 

Among  other  evidences  of  such  changes  really  taking  place  during 
the  descent  of  the  sap,  I  may  mention  an  observation  of  Meyen  [/dkres* 
hericht^  1839,  p.  27],  made  m  the  course  of  bis  experiments  on  the  re- 
production of  the  hark  of  trees.  Ia  these  experimenu  he  enclosed  the 
naked  wood  in  strong  glass  tubes,  and  in  three  cases  out  of  eight  the 
tubes  were  burst  and  sraltered  in  pieces.  This  could  only  have  ariseo 
from  the  disengagement  of  geBeons  substances,  the  result  of  decomposi- 
tion. While,  therefore,  such  ga»es  as  enter  by  the  roots  or  are  evolved 
in  the  vessels  of  the  wood  dufiaf  the  ascent  of  the  sap,  escape  by  the 
leaf  alone  with  those  which  are  maengaged  in  the  leaf  itself,  it  is  proba- 
ble that  those  which  are  produced  as  the  result  of  changes  in  the  baik, 
descend  with  the  downward  sapf  and  are  discharged  by  the  root.* 

In  the  bark  of  the  root  it  is  probable  that  still  further  changes  take 
place— end  of  a  kind  which  can  oiri^  be  effected  during  the  aUence  of 
light.  This  is  tendered  probable  by  the  fact  that  the  bark  of  the  root 
frequently  oomains  substances  which  are  not  to  be  met  with  in  any 
other  part  of  the  plant.  Thus  from  the  bark  of  the  fresh  root  of  the  ap- 
ple tree  a  substance  named  pUoruittfse,  possessed  of  considerable  medi* 
cal  virtues,  may  be  readily  extracted,  though  it  does  not  exist  in  the 
bark  either  of  the  stem  or  of  the  branches. 

In  fine,  as  the  food  which  is  introdiaeed  into  the  stomachs  of  animals, 
mulergoes  continual  and  successive  ehemical  changes  during  iu  pro- 
gress through  the  entire  alimentary  canal— so,  numerous  phenomena 
indicate  that  the  sap  of  plants  is  also  seAjected  to  unceasing  transforma- 

*  BpreiiMl  ■»■  OMt  (he  tUmt  and  twigs,  andf  the  italks  of  the  grattetr  »U  Abaoit)  oxyits 
tad  sive  oflTMcbonle  aeldL— Ctamtt,  Hv,  pi  841. 
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tkNM^n  tb^  root  and  in  ihe  atem  as  well  as  in  the  leaveSv^'at  one  time 

in  the  dark,  at  another  under  the  influence  of  the  snn*s  rays,— exposed 

L.         when  in  the  leaf  to  the  full  action  of  the  air,-— and  when  in  the  root  al- 

T:  most  wholly  secluded  from  its  presence ; — the  new  oompoqnds  pro- 

^'\         doced  in  every  instance  heing  soited  either  to  the  nature  of  the  plant  or 

.  /         Ae  wants  and  functions  of  that  pan  of  it  in  which  each  trans£brmatioa 

^\         takes  place. 

^!!  To  some  of  these  transforraatioas  it  will  be  necessary  lo  advert  mors 

^^  particularly,  when  we  oome«to oonsider  the  special  changes  by  which 

^  chose  substances  of  which  plants  chiefly  consist,  are  fi)rmed  out  of  these 

'^  compounds  on  which  they  chiefly  live. 

tit*  {  7.  dreumstaneei  &y  uhich  (hefimcUom  of  (he  variomforti  ofplanU ' 

^0  are  modeled. 

Plants  grow  more  or  less  luxuriantly,  and  their  several  parts  are 
•  ^'  more  or  less  largely  developed,  in  obedience  to  nunMious  and  varied 

(^  circumstances. 

^'  I.  In  regard  to  the  special  functions  of  the  root,  we  have  already  seen 

^*  that  the  access  of  atmospheric  air'  is  in  some  cases  indispensable,  while 

^^'  in  others,  by  shooting  vertically  downwards,  the  roou  appear  to  shun 

1^'  Ihe  approach  of  either  air  or  light.    It  is  obvious  alio  that  a  certain  de- 

i*  free  of  moisture  in  the  soil,  and  a  certain  temperature,  are  necessary 

^^  to  the  most  healthy  discharge  of  the  functions  of  the  root.    In  hot  wea* 

^^  ifaer  the  plant  droops,  because  the  roots  do  nut  absorb  water  from  the 

(ii^  eoil  with  sufficient  rapidity.    And  though  it  is  probable  that,  at  every 

lemperatuie  above  that  of  absolute  fieecing,  the  ibod  contained  in  the 
i^  noil  is  absorbed  and  transmitted  more  or  less  slowly  to  the  stem,  yet  it  is 

^  well  known  that  a  genial  warmth  in  the  soil  stimuktss  tbe  roots  to  in- 

creased activity.  The  practice  of  gardeners  in  applying  bottom  heat  in 
the  artificial  cUmate  of  the  green-house  and  conservatory  is  founded  oa 
this  well-known  principle. 

But  the  nature  of  the  soil  in  which  plants  grow  has  also  much  ioflo* 
once  OB  the  way  in  which  the  functions  of  the  root  are  dischar^^ed.  As 
a  general  fact  this  also  is  Well  known,  though  the  special  qualities  of  the 
ao3  on  which  the  greater  or  less  activitv  of  vegetation  depends,  are  &r 
irom  being  generally  uoderslood.  If  the  soil  contain  a  sensible  quantity 
at  any  siilMance  which  is  bokunis  lo  plams,  it  ii  plain  that  their  roots 
will  be  to  a  certain  degree  enieebled,  and  their  functions  in  consequence 
only  imperfectly  discharged.  Or  if  the  soU  be  deficient  either  in  organic 
fixM,  or  in  one  or  other  of  those  inorganic  substances  which  the  plants 
necessarily  require  for  the  production  of  their 'several  parts,  the  roots 
cannot  perform  their  office  with  any  degree  of  efficiency.  Where  the 
necessary  materials  are  wanting  the  buuder  must  cease  to  work.  So  in 
a  soil  which  contains  no  silica,  the  grain  of  wheat  may  germinate,  but 
he  stalk  cannot  be  produced  in  a  natural  or  healthy  state,  since  silica  if 
indispensable  to  iu  nealthy  construction. 

II.  The  ascent  of  tbe  sap  is  modified  chiefly  by  the  season  of  the 
year,  by  the  heat  of  the  day,  and  by  the  genus  and  age  of  the  plant  or 
tree. 

There  seems  reason  to  believe  that  the  plant  never  sleeps,  that  even 
daring  the  winler  the  circoiatioa  slowly  proceeds,  though  the  fint 
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¥iDiaI  saoshine  of  the  eariy  spring  stimulates  it  to  increased  actlvigy. 
he  general  increased  temperature  of  the  ahr  does  not  produce  this  ac* 
celeration  in  so  remarkable  a  ntaoner  as  the  direct  rays  of  thesun.  The 
sap  will  flow  and  circulate  on  the  side  of  a  tree  on  which  the  sunshine 
falls,  white  it  remains  sensibly  stagnant  on  the  other.  Tins  is  shown  by^ 
the  cutting  down  similar  trees  at  more  and  more  advanced  periods  of 
the  spring,  and  immersing  their  lower  extremities  in  coloured  solutions. 
The  wood  and  bark  on  one  side  ofthe  tree  will  be  coloured^  whilCf  oa 
the  other,  both  will  remain  unstained.  If  a  similar  diflfereoce  in  the 
comparative  rapidity  of  the  circulation  on  opposite  sid(»  of  a  trunk  or 
branch  be  supposed  to  prevail  more  or  less  throughout  the  year,  we  can 
readily  account  for  the  annual  layers  of  wood  being  >>flen  thicker  on 
the  one  half  of  the  circumference  ofthe  stem  than  on  the  other. 

The  sap  is  generally  supposed  to  flow  most  rapidly  during  the  spring, 
but  if  trees  be  cut  down  at  different  seasons,  and  nmnersed  as  above 
described,  the  coloured  solution,  according  to  BtMieherie,  reaches  the 
leaves  most  rapidly  in  the  autunm.* 

The  heat  of  the  day,  other  circumstances  being  the  same,  materially 
affects,  for  the  time,  the  rapidity  of  the  circulation.  The  more  rapidly- 
watery  and  other  vapours  are  exhaled  from  the  leaves,  the  more  quick- 
ly must  the  sap  flow  upwards  to  supply  the  waste.  If  on  two  sacces- 
nve  days  the  loss  by  the  leaves  be,  as  in  the  experiment  of  Hales,  above 
described,  (p.  90,)  as  2  to  3,  the  ascent  of  the  sap  must  be  accelerated 
or  retarded  in  a  similar  proportion.  Hence,  every  sensible  variation  in 
the  temperature  and  moisture  of  the  air,  must  also,  to  a  certain  extent, 
modify  toe  flow  ofthe  sap ;  most  cause  a  greater  or  less  transport  of  that 
food  which  the  earth  supplies,  to  be  carried  to  every  part  of  the  plant, 
and  must  thus  sensibly  affect  the  luxuriance  and  growth  ofthe  whole. 

But  the  persistance  of  the  leaves  is  a  generic  character,  which  has 
considerable  influence  upon  the  circulation-  in  the  evergreens.  In  the 
pine  and  the  holly,  from  which  the  leaves  do  not  fall  in  the  autumn,  the 
sap  ascends  and  descends  dnring  afl  the  colder  months,— at  a  slower 
rate,  it  is  true,  than  in  the  hot  days  of  sumnwr,  yet  rn«ch  more  sensibly 
than  in  the  oak  and  asb,  which  spread  their  naked  arras  throngh  the 
wintery  air.  This  is  rlhistrated  by  the  experiments  of  Boucherie,  who 
has  observed  that  in  I>Kember  and  January  the  entire  wood  of  resinous 
trees  may  be  readily  and  thoroughly  penetrated  by  the  spontaneous  as- 
cent of  saline  and  other  solationsi.  into  which  their  stems  may  be  im- 
mersed. 

III.  Prom  what  has  just  been  stated,  it  will  appear  that  the  mechanf* 
cal  functions  of  the  stem  are  subject  to  precisely  the  same  influences  as 
the  ascent  of  the  sap^  As  the  tree  advances  in  age,  the  vessels  of  the 
interior  will  become  more  or  less  obliferated;  and'  the  general  course  of 
the  sap  will  be  gradually  tratisferred  to  annual  layers,  more  and  more 

*  Booeberfe  voAm  a  dMIoeUoo,  not  hlibeft&losiited  apoa  bj  pb^iioloffsta,  between  the 
eirculatioo  on  the  mirfttce  of  the  tree  bj  which  the  boda  and  younx  iwlge  are  euppooed,  ui<t 
the  Interior  clreutation,  wMch  Ri  not  perfiiai  ontlk  a  latter  pMiod  of  the  year.    iKoee  in  the 


tpiinft,  thouf  h  the  aap  le  iowinc  rap«dl)r  through  the  bark  and  the  neweel  wood,  coloured 
eohiiioas  wtll  not  penetmte  the  interi»r  ofthe  tree  with  any  deirree  of  rapidity.  In  aatumo, 
on  tl'ie  other  haad--^hen  the  fear  of  approaching  winter  has  atreexly  deicended  qdod  the 
bark— the  time  of  mM  aeiire  eircolatioa  has  only  anlved  for  the  Interior  layers  of  the  older 
wood.  It  la  ihU  eeaaon  consequently  that  he  finds  most  fltToanible  for  impregnating  (he 
truakfl  of  trees  wUli  those  soladbiM  whieh  ave  Bkely  %»  praeerve  tliem  iron  <leo*y.r-- Jim.  * 
Ckim.  flf  dk  JPh^,  buiT.,  p.  ia& 
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J  J  fetncfved  from  the  centre.  It  is  this  transference  of  the  vital  circula- 
rity tioD  to  newer  and  more  perfect  vessels  that  enables  the  tree  to  grow  and 
T^  blossom  and  bear  frait  through  so  long  a  life.  In  animals  the  vessels 
rvi  are  gradually  worn  out  by  incessant  action.  None  of  them,  through 
:^  old  age,  are*  permitted  to  retire  from  the  service  of  the  body — and  the 
VL  whole  system  must  stop  when  one  of  them  is  incapacitated  for  the 
^     ^      further  performance  of  its  appointed  duties. 

J     *  In  regard  to  the  chemical  functions  of  the  stem,  it  is  obvious  that  they 

^  are  not  assigned  to  the  mere  woody  matter  of  the  vessels  and  cells. 

^  They  take  place  in  these  vessels,  but  the  nature  and  extent  6f  the  chemi- 

''^  cal  changes  themselves  must  be  dependent  upon  the  quantity  and  kinds 

*|^  of  matter  which  ascend  or  descend  in  the  sap.     The  entire  chemical 

'^  functions  of  the  plant,  therefore,  must  be  dependent  upon  and  must  be 

^  modified  by  the  nature  of  the  substances  which  the  soil  and  the  air  re- 

^^  epectively  present  to  the  roots  and  to  the  leaves. 

•'^  IV.  In  describing  the  functions  of  the  leaf,  I  have  already  had  occa- 

^  eion  to  advert  to  the  greater  number  of  the  circumstiuices  by  which  the 
discharge  of  those  functions  is  most  materially  affected.     We  have  seen 

<^  that  the  purposes  served  by  the  leaf  are  entirely  diiferent  according  as 

'^  tBe  sun  is  above  or  below  the  horizon ;  that  the  temperature  and  mois- 

'^  tare  of  the  air  may  indeed  materially  influence  the  rapidity  with  which 

^  its  functions  are  discharged— but  that  the  light  of  the  sun  actually  deter- 

^^  mines  their  nature.     Thus  the  leaf  becomes  green  and  oxygen  is  given 

^  off  in  the  presence  of  the  sun,  while  in  his  absence  carbonic  acid  is  dis- 

^'  eneaged,  and  the  whole  plant  is  blanched. 

^  How  neoessary  light  is  to  the  health  of  plants  may  be  inferred  from 

''  the  eagerness  with  which  they  appear  to  long  for  it.     How  intensely 

^  does  the  sun-flower  watch  the  daily  course  of  the  sun,— how  do  the 

^'  countless  blossoms  nightly  droop  when  he  retires, — and  the  blanched 

^  plant  strive  to  reach  an  open  chink  through  which  his  light  may  reach 

I  "•* 

'  That  the  tpormih  of  the  sun  has  comparatively  little  to  do  with  this 

^  specific  action  of  his  rays  on  the  chemical  functions  of  the  leaf,  is  illus- 

^  trated  by  some  interesting  experiments  of  Mr.  Hunt,  on  the  effect  of 

^  rays  of  fight  of  different  colours  on  the  growing  plant.     He  sowed  cress 

'  seed,  and  exposed  different  portions  of  the  soil  in  which  the  seeds  were 

'  germinating,  to  the  action  of  the  red,  yellow,  green,  and  blue  rays« 

which  were  transmitted  by  equal  thicknesses  of  solutions  of  these  seve- 
ral colours.  **  Afierten  days,  there  was  under  the  blue  fluid,  a  crop  of 
cress  of  as  bright  a  green  as  any  which  grew  in  full  light  and  far  more 
abundant.  The  crop  was  scanty  under  the  green  fluid,  and  of  a  pale 
yellow,  unhealthy  colour.  Under  the  yellow  solution,  only  two  or  three 
plants  appeared,  but  less  pale  than  those  under  the  green,— while  be- 
neath the  red,  a  few  more  plants  came  up  than  under  the  yellow,  though 
they  also  were  of  an  unhealthy  colour.  The  red  and  blue  bottles  being 
now  mutually  transferred,  the  crop  formerly  beneath  the  blue  in  a  few 

*  A  poCato  hM  t>een  obsenred  to  grow  up  in  quest  of  light  from  the  bottom  of  a  well 
twelre  feet  deep—and  in  a  dtirk  cellar  a  ahoot  of  20  feet  in  length  has  been  met  with,  the 
extremity  of  which  had  reached  and  reated  at  an  open  window.  In  the  leaTea  of  blanched 
Tegetablea  peculiar  chemical  eompounda  are  formed.  Thua  in  the  static  of  the  potato  a 
poboDoas  ibbetance  called  tolanui  la  produced,  w^iich  dlsappeara  ag^  when  the  atalk  is  ex- 
poMd  to  t!M  Ufhtaod  becomes  gnen. 
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dav8  appeared  bligbted,  while  on  the  patch  previously  ezpoeed  to  the 
red,  some  additional  plants  sprung  up.*** 

Besides  the  rays  of  heat  and  of  light,  the  sun-beam  contains  what 
have  been  called  chemical  rays,  not  distinguishable  by  our  seniles,  but 
capable  of  being  recognized  by  the  chemical  effecu  they  produce. 
These  rays  appear  to  difier  in  kind,  as  the  rays  of  different  coloured 
light  do.  It  IS  to  the  action  of  these  chemical  rays  on  the  leaf,  and 
especially  to  those  which  are  associated  with  the  blue  light  in  the  solar 
beam,  that  the  chemical  influence  of  the  sun  on  the  functions  of  the  leaf 
is  principally  to  be  ascribed. 

It  cannot  be  doubled  that  the  warmth  and  moisture  of  a  tropical  cU* 
mate  act  as  powerful  stimulants — assistants  it  may  be*— to  the  leaf,  in 
the  absorption  of  carbonic  acid  from  the  air,  and  in  that  rapid  appropria* 
tion  (assimilation)  of  its  carbon  by  which  the  growth  of  the  plant  is  has- 
tened and  promoted.  But  the  bright  sun,  and  especially  the  chemical  in- 
fluence of  his  beams,  must  be  regarded  as  the  mam  agent  in  the  wonderful 
development  of  a  tropical  vegetation.  Under  this  influence  the  growth 
by  the  leaves  at  the  expense  of  the  air  must  be  materially  increased* 
and  the  plant  be  rendered  less  dependent  upon  the  root  and  the  soil  for 
the  food  on  which  it  lives. f 

V.  The  rapidity  with  which  a  plant  grows  has  an  important  influence 
irpon  the  share  which  the  bark  is  permitted  to  take  in  the  general 
nourishment  of  the  whole.  The  green  shoot  performs  in  some  degree 
the  functions  of  the  leaf.  In  vascular  plants,  therefore,  which  in  a  con- 
genial climate  may  almost  be  seen  to  grow,  the  entire  rind  of  a  tall  tree 
may  more  or  less  efiectually  absorb  carbonic  acid  from  the  atmosphere, 
during  the  presence  of  the  sud.  The  broad  leaves  of  the  palm  tree, 
when  fully  developed,  render  the  plant  in  a  great  degree  independent  of 
the  soil  for  organic  food— and  the  large  amount  of  absorbing  surface  in 
the  long  green  tender  stalks  of  the  grasses,  and  of  their  tropical  ana- 
logues, must  materially  contribute  to  the  same  end.  Hence  the  pro- 
portion of  organic  matter  derived  from  the  air,  in  any  crop  we  reap, 
must  always  be  the  greater  the  more  rapid  its  general  vegetation  haa 
been. 


It  is  a  fact  familiarly  known  to  all  of  you,  that,  besides  those  circum- 
stances by  which  we  can  perceive  the  special  functions  of  any  one  or- 
gan to  be  modified,  there  are  many  by  which  the  entire  economy  of  the 
plant  is  materially  and  simultaneously  aflected.  On  this  fact  the  prac- 
tice of  agriculture  is  founded,  and  the  various  processes  adopted  by  the 
practical  farmer  are  only  so  many  modes  by  which  he  hopes  to  mflu* 

*  London  and  Edtnburgk  Journal  qf  Seience,  February^  1840. 

Might  not  our  cheap  Moe  gloM  be  lued  with  advantage  In  gkudng  hothonaei,  eoneerr*. 

toriQa,dEC.t 

t  The  eflfeet  of  eoniiniied  annahlne  may  be  often  seen  tn  oar  coni-flelda  in  May,  when, 
under  the  influence  of  proi>itlooa  weather,  the  young  plants  are  shooting  rapidly  up.  When 
each  a  field  is  bounded  by  a  loAy  hedge  running  nearly  north  and  south,  the  litigea  neure^t 
the  hedge  on  eiUior  side  will  be  in  Oie  shade  for  nearly  one-half  of  the  day,  and  will  iovaria. 
biy  appear  of  a  paler  green  and  less  healthy  coloiu*.  If  the  hedge  l>e  studded  with  occasioni  1 
large  trees,  ttie  spots  on  which  the  shadows  of  those  trees  rest  wUl  be  Indicated  by  distinct 
pale  green  patches  smichlng  futher  inlo  Ute  field  ihaa  the  first,  and  aomeilmea  CTcn  thtn 
Uie  second  ridges. 
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ence  and  promote  the  growth  of  the  whole  plant,  and  the  discharge  of 
cbe  fuoctions  of  all  its  parts* 

Though  maaares  in  the  soil  act  immediately  through  the  roots,  they 
atimulate  the  growth  of  th*  entire  plant ;  and  tliough  the  application  of 
a  top-dressing  may  he  supposed  first  to  s^Rksi  the  leaf,  vet  the  beneficial 
result  of  the  experiment  depends  upon  the  influence  which  the  dressing 
may  exercise  on  every  part  of  the  vegetable  tissue. 

In  oonuection  with  thb  pan  of  the  subject,  therefore,  I  shall  only 
further  advert  to  a  very  remarkable  fact  mentioned  by  Sprengel,  which 
seems,  if  correct,  to  be  susceptible  of  important  practical  applications. 
He  sutes  that  it  has  very  frequently  been  observed  in  Holsteio,  that  if, 
on  an  extent  of  level  ground  sowa  with  corn,  some  fields  be  marled,  and 
others  left  un marled,  the  corn  on  the  latter  portions  will  arow  less  lutwri- 
antly  and  will  yield  a  poorer  crop  ikon  \fthe  whole  had  been  tmnutrUd* 
Hence  he  adds,  if  the  occupier  of  the  un  marled  field  would  not  have  a 
•accession  of  poor  crops,  he  must  marl  ^  land  also.* 

Can  it  really  be  that  naiara  thus  rewards  the  diligent  and  the  imiiro- 
ver  ?  Do  the  plants  which  arow  on  i  soil  in  higher  condition  take  from 
the  air  more  than  their  due  share  of  the  carbonic  acid  or  other  vegetable 
Ibod  it  may  contain,  and  leave  to  the  tenants  of  the  poorer  soil  a  less  pro- 
portion than  they  might  otherwise  draw  team  it !  How  man}r  interest* 
log  reflections  does  such  a  fact  as  this  suggest !  What  new  views  does 
it  disclose  of  the  fostering  care  of  tbe  gijsat  Contriver— of  his  kind  encour- 
agement of  every  species  of  virtuous  labour !  Can  it  fail  to  read  lo  us  a 
new  and  special  lesson  on  the  benefits  to  be  derived  from  tbe  applicatioa 
of  skill  and  knowledge  to  the  cultivation  of  the  soil ! 

*  Weon  Bftmllch  anf  elner  Feldllar  fliQck  «in  fltiiek  gemerf  eU  wordeo  bC,  w  wschMU 
dte  Frilelite  aof  den  nieht  cemecseUeD  FeM«m,  A«cb  WMin  hier  ftHe  frUheren  ▼erhUtoiasa 
gHus  dle-Mlben  MeH»pn, oleht  metjir  ■ociit,  ab  eh^dMk ;  wodureh  di«  BeaitMr  Jcoer  l^eldar, 
vena  ale  nicliC  fortwUireod  geringe  Eradieo  haSea  woUea,  genttchigt  aiod,  jtetehfalU  in 
BMiieln.  Aue  dteeer  hSehat  vtehUgen  Breehelaung,  dl4  man  »ekr  htm  in  oolsteliiacbeii 
teflMTkl,  *<s.-apreac«l,C»Mii|i/iir  XflnMnlMMifk,  L,  p.9Q& 
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lalMUuieM  ofwhlcUpiMiCi  eblefljr  oonaiit— Woody  fibre,  Btorch,  Ovin,  flofiirt— Tber  ■»> 
tiul  reladoos  and  trtuisfonnation*— Gluten, V«felable  AlbamMi,  Di—taao  -Acetic,  Ttetutar 
MaUc,  Citric,  sod  OkAtie  MgUb   Oemid  otaarratloiM.        ^ 

From  what  hasheea  stated  re^ntiog  the  structure  of  plants,  ft  will  b& 
understood  in  what  way  tbv  food  is  introduced  into  their  circulation.  The 
next  inquiry  appears  to  be  Amo-^y  what  chemical  changes— is  the  (bod, 
when  introduced,  con verte(>  into  tmse  sa^ances  of  whieh  plants  ehte#f 
consist.  But  in  order  that  we  may  clearly  understand  this  point,  it  ia 
necessary  that  we  know  fine  the  nature  andf  chemical  constitution  of  the 
substances  which  are  most  larsely^  formed  from  the  food  in  the  interior 
of  the  plant.  To  this  poiol^  tfaerefbre,  I  mjMt  preTiotiely  direct  your 
attention. 

•  If  you  were  to  collect  all  the  varieties  of  pTams  w^iich  are  within  yonr 
reach— whether  such  as  are  cultivated  and  used  for  food— or  sucn  aa 
grow  more  or  less  abundantly  ia> a  wild* state— and  were  to  extract  their 
several  jaiees,  and  to  eepgrafe  from  each  of  these  jtriees  the  chemical 
compounds  it  contains— ^otr  would  gradually  gather  together  so*  many 
diflferent  substances,  all  possessed  of  different  properties,  that  you  woo  Id 
scarcely  be  able  to  number  them. 

But  if  at  the  same  time  you  compared  the  weight  of  each  substance 
thus  collected  with  that  of  the  entire  pleat  from  which  it  isderivedy  yoa 
would  5nd  also  that  the  quantity  of  nrai^  of  them  is  compararively  so 
minote  thai  only  a  very  small  portion  ojr  cher  vital  energies  of  the  plant 
can  be  expended*  in  nrodociog  thenH^-ihat  they  may  be  entirely  neglect* 
ed  in  a  genenri  consideration  of  the  great  products  of  vegetation.  Thaa 
tboupb  qtrinine  and  morphine,  the  active  ingredients  in  Peruvian  bark 
and  m  opium,  are  most  interesting  substances,  from  their  efiect  upon  the 
human  constitution,  and  their  use  in  medicine^  yet  they  form  so  small  a 
fraction  of  the  mass  of  the  entire  trees  or  plants  from  which  they  are  ex- 
tracted, that  it  wouMt  be  idle  t»  atteiDpt  to  convey  to  you  any  notion  of 
the  way  in  which  plants  grow  and  are  fed,  by  showing  you  bow  such 
substances  as  these  are  pnxluced'  firom  tlie  food  on  which  plants  live. 

While,  however,  the  examinal!iM»  would  satisfy  you  that  almost 
every  species  of  plant  produced'  in  small  quantity  one  or  more  sub- 
stances peculiar  to  itself,  you  weald  observe,  at  the  same  time,  thai 
every  plant  yielded  a  certain  quantity  of  two  or  three  substances  con>- 
mon  to  and  produced  hy  all,  and  io  most  eases  constituting  the  greater 
portion  of  their  bulk.  Thus  all  trees  and  herbs  produce  wood  or  woody 
iibre,  and  of  this  substance  you  know  that  their  chief  bulk  consists. 
Agaii),  all  the  grains  and  roots  yoa  cnHivate  contain  starch  in  large 
nuantky,  and  the  production  of  this  starch  is  one  of  the  great  objects  of 
tne  art  of  culture.  The  juices  of  trees,  and  of  grasses,  and  of  cokivated 
roots,  contain  sugar  and  gum,  and  sometimes  in  such  qoantity  as  to 
make  their  extraction  a  source  of  profit  both  to  the  grower  and  to  tha 
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manufacturer.  The  flour  of  grain  contains  sugar  also,  and  along  with  It 
two  other  substances,  in  small  quantity,  gluten  and  vegetable  albumen^ 
which  are  of  much  importance  in  reference  to  the  nutritive  qualities  of 
the  difierent  varieties  of  flour.  Sugar  is  also  present  in  the  juices  of 
fruits,  but  it  is  there  associated  with  various  acid  (sour)  substances 
which  disappear  to  a  certain  extent  or  change  into  sugar  as  the  fruit 
ripens. 

Of  these  few  substance9  the  great  bulK  of  vegetables  of  all  kinds  con- 
sists. They  constitute  nearly  the  whole  mass  of  those  various  crops 
which  the  art  of  culture  studies  to  raise  for  the  use  of  man  and  beast. 
To  the  study  of  these  substances,  therefore,  I  shall  at  present  confine 
your  attention,  and  if  I  shall  afterwards  be  able  to  make  vou  under- 
stand how  these  few  compound  bodies  are  produced  in  the  mterior  of  a 
plant  from  the  food  it  takes  up,  I  shall  succeed  in  conveying  to  you  as 
much  information  in  regard  to  this  most  interesting  branch  of  our  subject 
as  will  be  necessary  to  a  general  explanation  not  only  of  the  natural 
growtli  and  increase  of  plants,  but  of  the  nature  and  efiicacy  of  those 
artificial  means  which  the  practical  farmer  employs,  in  order  to  iiaslea 
their  growth  or  enlarge  (heir  increase. 

§  1.  Woody  fibre  or  lignin — its  constitution  and  properties. 

1°.  When  a  portion  of  the  stem  of  a  herbaceous  plant,  or  of  the  new- 
ly cut  wood  of  the  trunk  or  branch  of  a  tree,  is  reduced  to  small  pieces^ 
and  boiled  in  successive  portions  of  water  and  alcohol,  as  long  as  any 
thinff  18  taken  up,  a  white  fibrous  mass  remains,  to  which  the  name  of 
woody  fibre  or  lignin  has  been  given.  This  substance  lias  no  taste  or 
smell,  and  is  perfectly  insoluble  in  water.  It  is  nearly  identical  in  its 
chemical  constitution  and  properties,  whether  it  be  obtained  from  tho 
porous  willow,  or  from  the  solid  box  tree,  and  the  fibres  of  linen  and  of 
cotton  consist  essentially  of  the  same  substances. 

According  to  the  analysis  of  Dr.  Prout,  this  woody  fibre  when  dried 

at  360^  F.,  consists  of 

From  Box  Wood.  From  the  WUIow. 

Carbon 50-0  49*8 

Hydrogen  ....      5-55  5*58 

Oxygen      ....     44-45  44-62 

100  100 

It  will  be  recollected  that  water  consists  of  oxygen  and  hydrogen, 
combined  in  the  proportion,  by  weight,  of  8  of  the  former  to  1  of  the  lat- 
ter. (See  Lecture  II.,  p.  36.)  Now  if  the  hydrogen  above  given  be 
multiplied  by  8,  the  product  will  be  found  to  be  almost  exactly  the 
weight  of  the  oxygen  given— since 

5-55  X  8  =  44*40,  and 
6-58  X  8  =  44-64. 
In  woody  fibre,  therefore,  the  hydrogen  and  oxygen  exist  in  the  same 
proportion  as  in  water,  and  its  composition,  therefore,  might  be  rcpre* 
sented  by 

Carbon ^  600 

Water 60-0 

100 
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did  we  not  know  Umt  woody  fibre,  when  heated  or  dietilled,  oanoot  be 
resolved  into  carbon  (charcoal)  and  water  alonc^  and,  therefore,  canool 
be  supposed  to  eomist  of  these  alone. 

It  is  a  remarkable  character  of  this  substance,  however,  that  these  two 
elements,  hydrogen  and  oxygen,  exist  in  it  in  the  proportions  to  form 
water,  and  we  shall  find  the  knowledge  of  this  fact  of  great  importance 
to  us,  when  we  come  to  mouire  how  this  constitoent  of  vegetables  if 
formed— from  the  food  on  which  they  live. 

2^.  If  a  portion  of  the  wood  of  a  tree  be  dried  and  analyzed  trithoul 

being  previously  digested  in  water,  alcohol,  and  ether,  as  long  as  any 

thing  is  taken  up,  the  proportion  of  the  constituents  is  found  to  vary 

slightly  with  the  species  of  tree,  but  in  all  cases  the  hydrogen  is  in  larger 

quantity  than  b  necessary  to  form  water  with  the  oxygen  they  contain. 

Thus,  according  to  Payen,  the  dry  wood  of  the  followmg  trees  consists  of 

EtKMiy.  Walnut.  Oak.  Beech. 

Carbon     .     .     .    62-85  61-92  6000  49-25 

Hydrogen     .    .      6-00  5  96  6-20  6-10 

Oxygen    .     .     .    4115  4212  43-80  44-65 

100  100  100  100 

The  carbon  in  these  several  kinds  of  wood  difiers  as  much  as  three 
per  cent.,  but  in  each  of  them  the  product  of  the  hydrogen,  when  multi 
plied  by  8,  is  considerably  greater  than  the  per  centage  of  oxygen. 

3°.  When  the  solid  suDstance  of  vrood  is  examined  under  the  micro* 
scope  it  is  observed  to  consist  of  two  portions  or  kinds  of  matter,  that  of 
which  the  original  sides  of  the  cells  and  tubes  is  composed,  called  the 
cellular  maUer-^ihe  true  woody  fibre— and  of  a  solid  substance  by  which 
the  cells  are  internally  coated  and  strengthened,  called  the  incrustinfr 
matter.  It  is  in  this  latter  substance  that  the  excess  of  hydrogen,  exhi- 
bited by  the  preceding  analysis,  is  supposed  to  exist,  tne  true  woody 
fibre  containing  always  the  nydrogen  and  oxygen  in  the  proportions  ne- 
cessary to  form  water.* 

*  Payeo  at  fint  cooiiclered  this  inenuUng  matter  as  a  peeuUar  aolMtance,  for  which  ha 
proposed  the  name  mtdengme.  HIa  Aral  mode  of  aeparating  it  Trom  the  cellular  marier 
waa  bT  treating  the  finely  raaped  wood  (of  the  oak  and  beech)  with  nitric  acid,  which  dia- 
aolved  aai  the locmatfof  matter  and  left  the  cellular  matter  behind.  Hla  aecond  mode  waa 
to  diffeat  the  wood  with  dilute  salphnric  acid«  by  which  the  cellular  matter  waa  dlaaoliwl 
out,  and  the  incraatinff  matter  left.  It  ia  obviona,  however,  that  no  reliance  whatever  can  be 
placed  on  the  aoalyaea  of  aubatancea  ao  treated,  aince  they  cannot  fail  to  hare  undeifooe  a 
chemical  change  by  being  exposed  to  the  action  of  theae  airong  aclda.  Further  ezamlDaiioii 
baa  aatiafled  Payea  that  the  iocniatlng  matter  conalata  of  at  leaat  tknt  aubatancea,  of  wbich 
one  la  aobible  in  water,  alcohol,  and  ether,  another  In  alcohol  only,  while  the  thira  ia  ipsohi* 
Ue  in  any  of  theae  Uqalda.    They  are  eompoaed,  according  to  hla  analyaea,  of 

Soluble  la  Soluble  hi 

Inaoluble.  alcohol  only.        water  and  alcohol. 

Caiton       ...       48  62^  68-63 

Hydrogea  ...        6  59  7-04 

Oxygen      ...       46  313  24-43^ 

100  100  100 

It  Lb  Impoaaible  lo  mj  how  far  the  aubatancea  analysed  by  Payen  are  to  be  cooaidered  as 
pure,  or  aa  actually  ezMlng  in  the  porea,  or  In  the  faicruatukg  matter  of  the  woody  fibre,  but 
his  obTions  that  the  preaenceofa  variable  quantity  of  auch  aubatancea  will  oeceaaarlly 
cause  that  ecceaa  of  hydrogen.  In  the  entire  wood,  which  appeara  in  the  aoalyais  of  the  ebo* 
DT,  walnut,  oik,  and  beech  wooda,  given  hn  the  text.  That  auch  an  exceaa  of  hydrogen 
■hovtt  what  la  Mceaaary  to  foran  water  with  the  oxygen,  doaa  exlat  in  the  wood  of  moat  trees 

[^  Mijaa'a  Jolbrws&Mic/U,  1839,  p.  la] 
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Ic  is  exceedingly  difficult  in  any  case  to  separate  the  cellular  from  the 
inerasting  matter  of  wood,  so  as  to  obtain  the  means  of  determining  by 
analysis  the  exact  difierence  in  their  elementary  constitution.  Under 
the  impression  that  in  very  light  and  porous  substances  he  shoald  ob« 
tain  the  cellular  matter  in  a  purer  form,  Payen  analysed  the  fibre  of 
cotton — the  pith  of  the  elder,  toe  cellular  substance  of  the  cucumber,  of 
the  mushroom,  and  of  other  fungi,  the  spongy  matter  which  forms  the 
extremities  of  the  roots  of  plants,  and  various  other  similar  substancesi 
and  in  all  these  varieties  he  found  the  hydrogen  and  oxygen  to  exist  in 
the  proponions  to  (brm  water.  The  mean  of  his  analy^s  was  very 
nearly  as  follows— which  for  the  purpose  of  comparison  I  shall  contrast 
with  that  of  Dr.  Proot : 

Woody  fibre  of  box  and  Oellalor  matter  of  Taseu* 

wfltow-^Dr.  Proot  lar  plaata— Payeo. 
Carbon     .     .     .     6000  44*80 

Hydrogen     .    .      5*56  6*20 

Oxygen    .    .     .    44-45  49*0 

100  100» 

In  both  these  analyses  the  hydrogen  is  very  nearly  8  times  that  of 
the  oxygen.  All  these  substances,  therefore,  may  oe  represented  by 
carbon  and  water,  though  the  woody  fibre  of  Br.  Prout  contains  6  per 
cent,  more  carbon  than  the  cellular  matter  of  Payen. 

If  we  calculate  the  number  of  equivalents  of  each  element  contained 
in  these  two  vanetiesf  of  vegetable  fibre  composed  as  above  exhibitedy 
we  find  in  the  one  12  of  carbon,  8  of  hydrogen,  and  8  of  oxygen ;  in 
the  other,  12  of  carb«m,  10  of  hydrogen,  and  10  of  oxygen.  They  may, 
therefore,  be  conveniently  represented  by  the  following  formulae : 

WooDT  PiBRB by  C,,    Hs     C, 

CzLLULAR  Fibre.  ...  by  C,,  H,o  C,, 
It  Is  not  unlikely  that  both  of  these  forms  of  matter  may  exist,  as 
well  in  the  perfect  wood  of  trees  as  in  the  less  consolidated  pith  of  the 
elder,  or  in  the  fibres  of  cotton— and  that  they  may  occur  intermingled 
dso  in  varying  proportions  with  other  substances,  contmning  hydrogen 
in  excess.^ 

u  K*  natoral  ataf e.  la  a  fact  to  whieh  It  wtll  be  Important  to  advert  wbcn  we  eooalder  b«r«- 
aller  the  chemical  changea  which  the  Ibod  aodei«oea  In  the  Interior  of  the  planU  ' 

*  M9ftB*BJakniberkht,  1839,  p.  la 

t  Tbto  to  done  very  aixnply  l»7  dlTldlng  the  carbon  b^  6,  and  the  oxygen  by  8(a6e  page 

Garbon  ...  60  -^  =  8'33  C  Which  nnmben  )  12 
Hydrogen  -  •  6-66  s  6*66  {  are  (o  each  >  8 
Oxygen  •  •  •  41-45 -^ 8  =  66-6  (  otheraa  )  8 
t  TfM  ejriatence  of  a  Tariely  of  cellular  fibre  Identfteal  In  conatltniion  with  common  atarch, 
aa  thiaof  Payen  ia,  (aee  anbeeiinent  aectlon,  p.  106,)  waa  prevlonaly  rendered  probable  by 
the  obaervadona  of  Dr.  Bchlelden,  that  the  embryo  of  the  aehoUa  UUi/bUa,  conaiatingof 
poree  and  ▼eeaela,  the  aides  of  which  exhibit  distinct  concentric  layen,  la  entirely  aoluble 
m  water,  with  the  exception  of  the  outer  rind ;  and  that  ita  solution  becomea  blue  on  the 
addition  of  iodine.  It  would  appear  aa  If  the  cellular  aubatanee  ware  In  tbla  case  wholly 
composed  of  Bcarch.  {Poggendorpa  iifmoten,  xlllL,  p.  396.)  It  may,  however,  be  in  such  a 
■ale  of  tenuity  hi  the  embryo  of  thia  plant,  aa  to  Iw  eaally  chained  Into  starch  by  the  actkm 
of  hot  water;  and  It  ia  atill  by  no  means  ceriain  that  the  cellular  fibre  analyxed  by  Payen 
■ay  not  also  have  undergone  a  change  by  the  treatment  to  which  It  was  previously  sabject* 
ed.  1  sa  unable,  however,  to  apeak  decidedly  on  thia  aobject,  aa  I  have  not  seen  the  de- 
tails  of  H  Payen'a  aeveral  papera.  (Bee  auhssqnant  ■actfcwiH  sw  ikt  wirtsflf  UwHfifi  wmnvm 
|fipasd|r/ttr«,  slnrtft,f«Mi,nM(sHfar»  p.  lis.)  a 
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J  have  spokeo  of  these  varieties  of  woody  fibre  as  constituting  a  Iar» 
portion  of  the  entire  mass  of  vegetable  matter  produced  during  the 
growth  of  plants.  That  such  is  the  case  in  the  more  gigantic  vegetable 
productions,  of  which  the  great  forests^  consist,  is  sufficiently  evident, 
and  so  far  the  eeneral  statement  is  easily  seen  to  be  correct.  It  is  also 
true  of  the  dried  stalks  of  the  grajsses  and  the  corn-f;rowing  plants,  of 
which  it  forms  nearly  one-half  the  weight,^but  m  roots  and  soma 
plants  which  are  raised  for  food,  the  quantity  of  woody  fibre,  especially 
m  the  earlier  stages  of  their  growth,  is  comparatively  small.*  Thus  ia 
the  beet  root  it  forms  only  3  per  cent,  of  the  wliole  weight  when  taken 
from  the  ground.  If  sunered  to  remain  in  the  soil  till  it 'becomes  old, 
or  if  the  growth  be  very  slow,  the  beet  becomes  more  woody,  as  oaany 
other  roots  do,  and  the  quantity  of  ligneous  fibre  increases. 

§  2.  Starch^U  consHiuUon  and  properties. 

Next  to  woody  fibre,  starch  is  probably  the  most  abundant  product  of 
vegetation.  To  the  agriculturist  it  is  a  substance  of  much  more  interest 
and  importance  than  the  woody  or  cellular  fibre,  from  the  value  it  pos- 
^sesses  as  one  of  the  staple  ingredients  io  the  food  of  man  and  animals— 
and  from  iu  forming  a  large  portion  of  the  weight  of  the  various  grains 
and  roots  which  are  the  principal  objects  of  the  an  of  culture. 

1^.  When  the  flour  of  wheat,  barley,  oats,  Indian  corn,  &c^  is  mixed 
up  into  a  dough  with  water,  and  this  dough  washed  on  a  linen  cloth 
with  pure  water,  a  milky  liquid  passes  through,  from  which,  when  sec 
aside,  a  white  |x>wder  gradually  falls.  This  white  powder  is  the  ttarek 
of  wheaten  or  other  flour. 

2°.  When  the  pith  of  the  sago  palm  is  washed,  in  a  similar  manasr^ 
with  water  upon  a  fine  sieve,  a  white  powder  is  deposited  by  the  milky 
liquid  which  passes  tlirough.  This,  when  collected,  forced  through  a 
metal  sieve  to  granulate  (or  corn)  it,  and  dried  by  agitation  over  the 
fire,  is  the  sago  of  commerce. 

*  The  followtng  table  shows  the  p«r  oentage  of  woody  fibre  contained  in  eosie  ooBOiaa 
pknis  in  Uie  freen  state,  and  when  dried  In  the  air,  and  at  212^ : 

IK  THS  01IBSM  STAn. 

Dried  in  Uie  air.    Dried  at  2I20.    Woody  fibre.  Water, 

percent.           percent.  percent  percent. 

Bailey  straw,  ripe W  —  —  — 

Oat  straw,       do. —  47  —  — 

llaixe  straw,  do. 2i  —  —  — 

Stalks  of  the  field  pea-    .    .    .    >-  —  iOJi  80 

Ekeld  bean  straw 61  —  —  — 

Whttetomip >-  —  3  98 

Common  beet  (beUTulgarls)   •    —  —  8  86 

Younf  twigs  of  common  fane.    —  .>  91  60 

Rape  straw,  ripe —  66  12^  77 

Tare  straw,  do. 37  —  —  — 

Vetch  plant  (▼.  aativa)     ...   42  —  lOX  77X 

-           Do.       (T.  cneea)  In  flower  —  —  BH  96 

Do.       (▼.  nartonensis)  do.    —  ~  11^  80 

White  Inpln,  in  fiower,    ...   —  —  7  86 

Lucerne,  in  flower,     ....    —  —  9  73 

Rye  grass,       do —  —  11  68 

Red  clover,     do —  —  7  79 

White  clover,  do. —  —  iH  81 

TrefoilCmpdium)  do.      ...    —  —  8^  73 

Sainfoin  (e«(«rsette)  ....    —  ~  7  78 

Trefoli  (agqirium)  in  flower    -   '—  —  12  68 

Do.    (rabens)       do.       •    •    —  —  U  80 
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3^.  When  the  raw  potato  is  peeled  and  grated  on  a  fi)M  grater,  and 
the  pulp  thus  prodticed  well  washed  with  water,  potato  ttarch  is  ob- 
tained in  the  form  of  a  fine  white  powder,  coDsistiog  of  rounded,  glossy 
and  shining  particles. 

4^.  When  the  roota  of  the  Moaranta  Arundinaeea  oPthe  West  India 
Islands  are  grated  and  washed  like  the  pocatoe,  they  yield  the  arrow 
root  of  commerce^  From  the  root  of  the  Manioc»  the  ccuiova  is  pw 
cared  by  a  similar  processi  and  this,  when  dried  by  agitation  on  a  hot 
plate,  is  the  tapioca  of  the  shops.  By  this  method  of  drying,  both  sago 
and  tapioca  undergo  a  partial  change,  which  will  be  eiplained  in  a  sub- 
eequent  section  (see  p.  113.) 

The  substances  to  which  tlwse  several  names  are  given  are,  when 
parev  similar  in  their  properties,  and  identical  in  their  chemical  consti- 
tution. They  are  all  colourless,  tasteless,  without  smell,  when  dry 
and  in  a  dry  place  may  be  kept  for  any  length  of  time  without  under- 
going alteration,  are  insoluble  in  cold  water  or  alcohol,,  dissolve  readily 
m  boiling  water,  givinr  a  solution  which  gelatinizes  (becomes  a  jslly) 
on  cooling— and  in  a<xnd  solution  of  iodine*  they  all  become  blue. 

When  dried  at  212^,  they  consist,  according  to  Dr.  Prout,  with  whose 
aaalysLs  those  of  other  chemists  agree,  of 

Carbon 44*0  per  cent.,  or  12  atoms. 

Hydrogen      .  - .    .     •      6*2  per  cent.,  or  10  atoms. 
Oxygei^    •...'*    4^dpereent.,  or  lOatoras^ 

100 
Starch,  therefore,  may  be  represented  by  the  formula  Cu  Hi«  O,^^ 
which  is  identical  with  that  deduced  in  the  preceding  section  for  the 
ceUular fibre  of  Payeo*  Both  substances,  therefore,  contain  the  same 
elements  (carbon,  nydroeen  and  oxygen),  united  in  the  same  propor- 
tions, and  in  both,  as  well  as  in  the  common  JBbreof  wood,,the-hydv(^ea 
and  osygen  exists  in  the  proportion  to  form  water. 

That  starch  constitutes  a  large  portion  of  the  weight  of  grains  and  rootSr 
usually  grown  for  food,  will  appear  from  the  following  table,  which  es- ' 
hibits  the  quantity  present  in  lOO  lbs.  of  each  substance  named  : 

Starch  per  eenL 

Wheat  flour 39  to  77 

Rye       •• 60  to  61 

Barley    *• 67  to  70 

Oatmeal ^^   70  to  80 

Rice  flour »84to86 

Maize  *« 77  to  80 

Buckwheat 52 

Pea  and  Bean  meal 42  to  43 

Potatoes,  containing  73  to  78  of  water,       •    13  to  15 
It  thus  exisu  most  largely  in  the  seeds  of  plants,  and  in  some  roots. 
It  is  frequently  deposited,  however,  among  the  woody  fibre  of  certain 
trees,  as  in  that  of  tb^  willow,  and  in  the  inner  bark  of  others,  as  in 

*  Iodine  It  a  solid  •abataoce,  of  a  lead-grer  colooTt  poMeaoed  of  a  pacoliar  powarfbl 
odoor,  and  Ibming  when  heated  a  beaadfat  vioiist  vapour.  It  exists  in  small  quantity  in  sea 
water,  and  in  aome  aarine  piaota.  Ua  solutfonla  water  readily  shows  the  preaeooe  of 
MKh,  bj  ttM  Mm  eoloar  it  bnpafti  to  il. 
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tboee  of  the  beech  and  the  pine.*  Hence  the  readtne«  with  wfaSdi  a 
branch  of  the  willow  taket  root  and  sptouts,  and  hence  also  the  occa- 
sional use  of  the  inner  bark  of  trees  for  food,  especiallv  in  northern  ooan- 
tries,  and  in  times  of  scarcity.  In  some  roots  which  abound  in  sugari 
as  in  those  of  the  beet,  the  ttiraip,  and  the  cannt,  only  8  or  3  per  cent* 
of  starch  can  be  detected. 

§  3.  Chtm — iU  cofuHUUion  and  propertieB, 

The  variety  of  gum  with  which  we  are  most  familiar  is  gum  aro&ic, 
or  Senegal,  the  pr^uce  of  varioua  species  of  aeaeia^  which  grow  in  the 
warmer  regions  of  Asia,  Africa,  and  America.  It  exudes  from  the 
twigs  and  stems  of  these  trees,  and  collects  in  rounded  more  or  less 
transparent  drops  or  tears.  It  is  also  produced  in  smaller  quantities  ia 
many  of  our  fruit  trees,  as  the  apple,  the  plum,  and  the  cherry  ;  .it  is 
present  in  some  herbaceous  plants,  as  in  the  althasa  and  malva  officinalis 
(common  and  marsh  mallow) ;  and  it  exists  in  lint,  rape,  and  many 
other  seeds.  When  treated  with  boiling  water  these  plants  and  aeeJa 
give  mucilaginous  solutions. 

Msny  varieties  of  gum  occur  in  nature,  but  they  are  aU  characterised 
by  being  insoluble  in  alcohol,  by  dissolving  or  becoming  gelatinous  ia 
hot  or  cold  water,  and  by  giving  muet(a^a«)i«— viscid  and  glutinoue— 
solutions,  which  may  be  employed  as  a  paste. 

Three  distinct  species  of  gum  have  bepn  recognised  by  chemists : 

1°.  jlra6tn— of  which  ffum  arable  and  gum  Senegal  almost  entirely 
consist  It  is  readily  solwle  in  cold  toatef,  giving  a  viscid  solution,  usu- 
ally known  by  the  name  of  the  mucilage  of  sum  arabic. 

2^.  Ceratftn*-which  exists  in  the  ffum  of  the  cherry-tree.     It  is  ijmo* 
•  luble  in  cold  water,  but  dinolvet  readily  in  bailing  upater*    When  thus 
dissolved  it  may  be  dried  without  losing  its  solubility,  and  ia  iberelbreby 
boiling  supposed  to  be  changed  into  arabin. 

3^.  Bassarin—exiatiug  in  what  is  called  bassara  gum--'-and  forming 
a  large  portion  of  gum  tragacanth.f  It  sweUe  and  beeome$  gekudnou*  «a 
eold  VHiter,  but  does  not  dissolve  in  toaUr  either  cold  or  hot* 

By  these  characters,  the  three  kinds  of  gum  are  not  only  readily  dia* 
tin^ulshed,  but  may  be  easily  separated  from  each  other.  Thus  if  a 
native  gum  or  an  artificial  mixture  contain  all  the  three,  simple  steeping 
in  and  subsequent  washing  with  cold  water,  will  separate  the  arabm^ 
boiling  water  will  then  take  np  the  cerasin^  and  the  bassorin  will  remain 
behind. 

These  different  kinds  of  £um  all  possess  the  same  chemical  constitu- 
tion.   According  to  the  analysee  of  Mulder,  they  connst  of 
Carbon    ....   45*10  per  cent.,  or  12  atoms. 
Hydrogen     .    •      6- 10       **  or  10     «• 

Oxygen    .    .    .    48*801     ••  or  10     ^ 

100 

*  Its  pretenee  Is  resdily  detected  In  eacb  wood  by  a  drop  of  the  lolution  of  Iodise— wUch 
#lv6«  a  pennanenc  blae  to  icarcb,  bat  to  the  woody  fibre  only  a  browolah  slaio. 

t  llite  gum  ezlflta  alone  with  wureh  in  the  roolsof  Ow  vulois  epeeies  of  areftje,  ^imjMh 
of  Uioee  whlchareoeed  Ibrmakim aolydtsySQ).  '--r— -^ 

BenrtBoa  Anb^rSttetmt  isas,  p.  U9, 
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In  lbe$e  analyses,  as  in  those  of  starch  aod  woody  fibre,  we  see  thst 
the  per  centage  qf  oxygen  is  equal  to  that  of  the  hydrogen  multiplied  by 
8,  and  consequently  tnat  these  two  elements  We,  as  already  stated,  in 
the  proportion  to  fbrm  water.  But  we  see  also  that  the  carbou  is  in  the 
proportion  of  12  atoms  or  equivalents  to  10  of  each  of  the  other  con- 
stituents, and  therefore  gum  may  be  represented  by  C,,  H,  ^  O,  « — a 
formula  which  is  identical  with  that  already  given  lor  starch  aud  cellu- 
lar fibre. 

li  appears,  therefore,  that  not  only  may  gum^  starchy  and  cellular  fibre  be 
represented  by  carbon  and  water,  but  thai  they  all  consist  o/carhon  and 
the  elements  of  water,  united  together  in  the  same  proportions. 

Gum  not  only  exists  in  many  seeds,  and  exudes  as  a  natural  product 
from  the  stems  and  twigs  of  many  trees,  but  is  also  contaioea  in  the 
juices  of  many  other  trees,  from  which  it  is  not  known  to  exude ;  and  in 
the  sap  of  most  plants  it  may  be  detected  in  greater  or  less  quantity.  It 
may  be  considered,  indeed,  as  one  of  those  substances  which  are  pro- 
duced most  largely  and  most  abundantly  in  the  vegetable  kingdom, 
since,  as  will  hereaAer  appear,  it  is  one  of  those  forms,  of  combination 
through  which  organic  matter  passes  in  the  interesting  series  of  changes 
it  undergoes  during  the  development  and  growth  of  the  plant. 

§  4.  Cf  Sugar-'-'dts  varieties  and  chemical  constitution. 

1°.  Cane  Sugar. — Sugar,  identical  in  constitution  and  properties  with 
that  obtained  from  the  sugar-cane,  and  generally  known  by  the  liaroe  of 
cofu-sugar,  exists  in  the  juices  of  many  trees,  plants,  and  roots.  In  the 
United  States  of  North  America  the  juice  of  the  maple  tree  is  extensive- 
ly collected  in  spring,  and  when  boiled  down  yields  an  abundant  supply 
of  sugar.  In  the  Caucasus  that  of  the  walnut  is  extracted  for  the  same 
purpose.  The  juice  of  the  birch  also  contains  sugar,  and  it  may  be  ob- 
tained, in  lesser  quantity,  from  the  sap  of  many  other  trees.  In  the 
juice  of  the  turnip,  carrot,  and  beet,  it  is  also  present,  and  in  France  and 
Germany  the  latter  root  is  extensively  cultivated  for  the  manufacture  of 
beet  sugar.  In  the  unripe  grains  of  com,  at  tlie  base  of  the  flowers  of 
many  grasses  and  clovers  when  in  blossom,  and  even  in  many  small 
roots,  as  in  that  of  the  quicken  or  couch-grass  (triticum  repens),  the  pre- 
tence of  sugar  may  likewise  be  readily  detected. 

Sugar  is  principally*  distineuished  by  its  agreeable  sweet  taste. 
When  pure,  it  is  colourless  and  free  from  smell.  It  dissolves  readily 
in  alcohol  and  in  large  quantity  in  water.  The  solution  in  water,  when 
much  sugar  is  present,  has  an  oily  consistence,  and  is  known  by  the  name 
of  syrup.  From  this  syrup  the  sugar  gradually  deposits  itself  in  the 
ibrm  of  sugar  candy.  If  the  syrup  be  boiled  on  too  hot  a  fire,  it  chars 
slighdy,  becomes  discoloured,  and  a  quantity  of  molasses  is  formed. 
Pure  cane-sugar,  free  from  water,  consists  of 

Carbon     .     .     .    44*92  per  cent.,  or  12  atoms. 
Hydrogen     .    .      6-11         *•        or  10     " 
Oxygen    .    .    .    48-97         "        or  10     " 

100 
If  we  compare  these  numbers  with  those  given  for  starch  and  gum  in 
tbe  preceding  sections,  we  see  that  they  are  almost  identical— eo  that 
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cane-ragar  also  contains  oxy^n  and  hydrogen  in  the  proportioQjS  to  form 
water,  and  may  likewise  be  represented  by  the  formula  C,,  Hi^  0,«. 

2®.  Orape  sugar. ^~ln  the  juice  of  the  grape  a  peculiar  species  of  su-> 
gar  exists,  which,  in  the  dried  raisin,  presents  itself  in  the  form  of  little 
rounded  grains.  The  same  kind  of  sugar  gives  their  sweetness  to  the 
sooseberry,  the  currant,  the  apple,  pear,  plum,  apricot,  and  most  other 
fruits.  It  is  also  the  sweet  substance  of  the  chesnut,  of  the  brewers* 
wort,  and  of  all  fermented  liquors,  and  it  is  the  solid  sugar  which  floats 
in  rounded  grains  in  liquid  honey,  and  which  increases  in  apparent 
quantity  as  the  honey,  by  keeping,  becomes  more  and  more  solid. 

Grape  sugar  has  nearly  all  the  sensible  characters  of  cane  sugar,  with 
the  exception  of  being  less  soluble  in  water  and  also  less  swee^^3  parti 
of  the  latter  imparting  an  eaual  sweetness  with  5  of  the  fbrmer. 

In  chemical  constitution  they  diObr  considerably.  Thus  grape  sugu 
dried  at  250^  F.,  consists  of 

Carbon    .    .    .    40*47  per  cent.,  or  12  atoms* 
Hydrogen     .    .      6-69        **         or  12      " 
Oxygen   .     .     .    62-94        "         or  12      " 

100 

The  oxygen  here  is  still  eight  times  greater  than  the  hydrogen,  anOU 
therefore,  in  this  variety  of  sugar  also,  these  elements  exist  ia  the  pro- 
portions to  form  water.  But  for  every  12  equivalents  of  carbon,  dry 
grape  sugar  contains  12  of  hvdn^en  and  12  of  oxygen.  It  is  conse- 
quently represented  by  Cis  H,,  Q,,,  and  contains  the  elements  of  tiro 
atoms  of  water  (H,  O^)  more  than  cane  sugar.* 

3^.  Manna  sitgar^  sugar  (/liquorice,  ^-^Besides  the  cane  and  grape 
sugars  which  occur  in  large  quantity  in  the  juices  of  plants,  there  are 
other  varieties  which  occur  less  abundantly,  and  are  therefore  of  less  in- 
terest in  the  study  of  the  general  vegetation  of  the  globe.  Among  these 
is  manna,  which  partly  exudes  and  is  partly  obtained  by  incisions  from 
certain  species  of  the  ash  tree  which  grow  in  the  warmer  countries  of 
Southern  Europe  (Sicily  and  Italy),  and  in  Syria  and  Arabia.  It  also 
exists,  it  is  said,  in  the  juice  of  the  larch  tree,  of  common  celery,  and  of 
certain  trees  which  are  met  with  in  New  South  Wales.  Liquonc«  root 
also  c<intaina  a  species  of  blacJc  sugar,  which  is  known  in  this  country 
under  the  names  of  Spanish  and  Italian  juice,  from  the  countries  wbera 
it  is  grown.  In  the  mushroom  and  other  fungi  a  colourless  variety,  ap- 
parently peculiar,  has  also  been' met  with, — and  milk  owes  its  sweets 
ness  to  a  species  of  sugar  formed  in  the  interior  of  the  animal  aloQg  with 
the  other  substances  which  the  milk  contains. 

These  several  kinda  of  sufar  difier  more  or  less,  not  only  in  sensible 
i^nd  chemical  properties,  butal^  in  chemical  constitution,  from  the  mors 
abundant  cone  ahd  grape  sugars — but  they  form  too  smal)  a  part  of  the 
general  products  of  vegetation,  and  are  of  too  little  consequence  in  pracd- 

'  0olit^oQfi  of  cane  and  grap^  aofir  are  readilir  diatingiiished  rrom  each  othar  by  Che  ^ 
lowloi  eti«iatcal  etwuncterj :— 1.  Il  the  aolatioa  be  heated  and  a  Tew  drops  ofaulpharie  add 
Uieo  added,  cane  aagmr  will  t>e  decompoaed.  blackened,  and  made  to  fall  as  a  btackorbrowB 
powder— while  a  aoUiUon  or  grape  angar  will  at  the  moat  be  only  a^ighU  j  diacolourad.  2.  Vi 
luacead  of  aulpburic  acid,  caastie  potash  be  employed,  the  catte  aMgar  wUl  b«  oncbanged, 
wbtte  the  vif  sugar  will  be  blackened  and  Uuown  down. 
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cal  agricoUnre  to  render  it  neceaMiry  to  do  moie  ihAD  (hw  skofUy  ad- 
Teit  to  their  existence.* 

§  5.  Jllif^Ma/  re^iUiofw  of  woody  fibrtt  $iareh,  gwA,  and  ntgar. 
It  may  be  iotereetiag  now  to  consider  for  a  moment  the  mutual  rela- 
tions of  the  several  substances,  woody  fibre,  starch,  gum,  and  sugar-— 
above  described— -which  occur  so  largeW  in  the  vegetable  kingdom,  and 
are  serviceable  to  man  fbr  so  many  mfferem  purposes.  These  relatisns 
will  be  best  seen  on  comparing  the  formuleo  by  which  they  are  respec- 
tively represented.    Thus— 

WpooT  FiBiEK    (lignin)   is  represented  by    C],  H,     Og 
Cbli.ui.ar FiBKK (according to  Payen)    by    CjsHi^Oio 
SvAacH  (dried  at  212<' F.)         by    CisH,,Oi» 

GvM  (aayoftheavarictieft]Lby    C^s  Ht»  Oio. 

Ga!IkSimia&        (free  from  waier)  by    Ct»  H»»  Oio* 

GkaAjisSuoAR      (driedat  Idd'^  F.)         by    Cis  Hia  Oiaf 
In  these  formula  we  obseive— 

1^.  That  the  eqivalents  of  the  oxygen  are  equal  to  those  of  ihe  hydro- 
gen in  aU  the  formula,  and,  therefore,  that  all  these  substances  may  be 
mppossdXQ  consist  of  carbon  and  water. 

2°.  The  formulsB  for  cellular  fibre,  starch,  gum,  and  cane  soffar,  are 
identical.     Tkey  contut  of  the  tame  elemenu  united  together  in  vie  same 


\  is  one  of  those  (acts  which  not  only  appear  very  remarkable  to 

the  unlearned,  bat  are  scarcely  capable  of  being  clearly  comprehended 
and  explained,  even  by  those  who  have  most  profoundly  studied  this 
branch  of  namral  science.      Starch  and  sugar— how  difierent  their 

Cperties !  how  unlike  their  uses !  bow  unequal  their  importance  to  the 
nan  race !  yet  they  consist  of  the  same  weights  of  the  same  substances, 
diflereotly  conjoined.  The  skilful  architect  can  put  together  the  same 
proporrioos  of  the  same  stone  and  cement — ^and  the  painter  can  combine 
the  same  colours  so  as  to  produce  a  thousand  varied  impressions  oa  the 
sense  of  sifilit.  In  the  hand  of  Deity  matter  is  infinitely  noore  plastic* 
At  His  bidding  the  same  particles  can  unite  in  thesaffie  qoaotity  so  as 
to  produce  the  most  unlike  impressions— and  on  all  our  senses  at  once. 

9^.  A  knowledge  of  the  above  close  relations  in  composition,  among 
a  class  of  substances  occurring  so  abundantly  in  the  vegetable  kingdoini, 
imparts  a  decree  of  simplicity  to  our  ideas  of  this  otherwise  cobi plicated 
subject.  It  does  net  appear- so  mysterious  that  we  should  have  woody 
fibre,  and  starch,  and  gum,  and  sugar,  occurring  together  in  variable 
quantities,  when  we  know  that  they  a^  all  made  up  of  the  same  ma- 
terials, in  the  same  or  nearly  the  same  proportions— or  that  one  of  these 
should  occasionally  disappear  from  a  plant,  to  be  replaced  in  whole  or 
in  part  by  another. 

*  VartHatt  ofptaott  linom  which  sqnr  hti  b««o  extracted,  tee  Thomson's  Orgmii$Chemi»' 


tirymtOsed cmofi  ■ofU' (safer eeodT)1opee  6-9  percent  pf water  Ip  fa^onreble  dreoin- 

--».  This  Is  eqoal  to  one  equlTalonlTiIQK  •<>  il>w  if  dor  sugar  be  €12  9io  Qio,  cfrstalllMd 

Is  Cif  Hi  I  Oi  1— or  C»  Rio  Oie+HO,  stnee  ther»  is  o»  deulM  that  ttita  one  eq^iwient  of 


the  hydroffen  end  oxygen  exists  in  crjrsialHzed  sapar  In  the  state  of  water.    Tn  like  manner, 
cryalalUaed  honey  or  gnpe  siinr--«s  it  occurs  in  hooey  or  In  the  dried  irrspe— loses  9  per  . 
esM.  of  waiar  whaa  heated  10  XOP  F.    This  Is  e(|iial  to  two  eouivalenta  02BO),  so  UiaC  eiy»> 
"""—I  traps  aqgsr  is  reprsseotad  by  Cii  H14  Ou  or  Cu  H12  Oi9-t-2HO. 


A  further  que«tioo«  how^Ter,  aritM  in  our  miods.  We  nauuiriiy  ariu 
-^oes  nature,  in  thus  removing  one  of  these  ootnpoondsi  and  euppljriag 
itB4)lace  by  another,  actually  form  from  itselementB  the  new  aubstaac* 
introduced,  or  does  ahe  produce  it  by  a  mere  change  or  tranaformatioB 
of  those  previously  eziating.  A  aatia&cliay  reply  to  liiia  queauoo  watj 
be  derived  from  the  £rcu  detailed  in  the  IbUowix^  aecdoD. 

§  6.  Mutual  tTamrformatkm$  tf  woody  fhr$^  OUareh^  gmny  <md  migar* 

I.— wooDT  nauE* 

1°.  Action  of  heat, — If  wood  be  reduced  to  the  state  of  fine  saw-doat,  be 
then  boiled  in  water  to  separate  everythii^  soluble,  afterwards  dried  by 
a  gentle  heat,  and  then  heated  several  tinws  in  a  baker's  oven,  it  will  be- 
come hard  and  crisp,  and  may  be  ground  in  the  mill  into  a  fine /neaU  The 
powder  thus  obtained  is  sliffhtlv  yellow  in  colour,  but  has  a  taste  and 
smell  similar  to  the  flour  of  wheat ;  it  ferments  when  made  into  a  paste 
with  yeast  or  leaven,  and  when  baked  gives  a  light  homo^eneoos  bread. 
Boiled  with  water,  it  yields  a  stiff  tremulous  jelly,  like  that  from 
starch  (Autenrieth.— Schubler,  AgricuUur  Cft^mttf,  i.,  p.  224.)  By  the 
agency  of  heat,  therefore,  it  appears  that  the  woody  fibre  may  be  ekoMgei 
into  starch* 

2°.  Action  ofsidpkurie  ocui.— If  to  three  parts  of  the  snlphorie  add 
of  the  shops  (oil  of  vitriol)  one  part  of  water  oe  added,  and  a  portioo  of 
delicate  woody  fibre  be  immersed  in  it  for  half  a  minute,  and  the  whole 
then  rubbed  in  a  mortar  with  a  few  drops  of  a  solution  of  iodine— the 
woody  fibre  will  assume  a  Hue  eoUfwr^  showing  that  it  is  in  part  at  least 
changed  inJto  starch*  (Schleiden). 

Again,  if  three  parts  of  fine  saw-dust  or  of  fragments  of  old  Uoen  be 
rubied  in  a  mortar  with  four  of  the  sulphuric  acid  of  the  shops  added 
by  degrees— it  will,  in  a  quarter  of  an  hour,  be  rendered  completely  so* 
luble  in  water.  If  the  solution  in  water  be  freed  from  aeid  by  chalk,  and 
then  evaporated,  a  substance  resembling  gum  arabic  is  obtained  (Bra« 
connot).  According  to  Schleiden,  the  fibre  may  be  seen  under  the  mi* 
croscope  gradually  to  change  from  without  inwards,  first  into  starch  and 
then  into  gum. 

Further,  if  this  gum  be  digested  with  a  second  (Mxtion  of  sulphuiic 
acid  diluted  with  8  or  10  times  its  weight  of  water,  it  will  be  graduallj 
converted  into  grope  sugar ;  or  the  fibre  of  wood  or  linen  may  be  changed 
directly  into  sugar  by  the  prolonged  action  of  dilute  sulphuric  acid. 

3°.  Astion  of  potash.-^U  saw-dust  be  mixed  with  from  two  to  eigbt 
times  its  weight  of  hydratef  of  potash  and  as  much  water,  and  boti^ 
till  a  crust  forms  on  the  surface,  and  if  dilute  sulphuric  acid  be  then  added 
till  the  whole  is  slightly  sour,  the  undestroyed  woody  fibre  will  give  aa 

*  Itwtilbereconec(adUMtttBrehlselMaMterlMdbjcMi«»bla6ookHir^^ 
Iodioe(«eep.l07>. 

The  tlRipieit  way  of  trying  thli  ezperimaDt  is,  to  take  a  quanUty  of  clean  cotton— to  was 
tt  wiUi  water,  aqueediif  out  agala  aa  much  aa  poaalbla— then  to  apread  it  out  upoo  a  Hat  <IW& 
and  moisten  ft  qaickly  and  thorouihiy  with  the  acid  dihited  as  above.  After  half  a  abnMa^ 
ndd  the  aolntionof  iodine,  stir  qaickly  with  a  glass  rod,  and  Immediately  add  water.  wImq 
the  bloe  compound  of  iodine  and  siareh  will  speedily  deposii  itseUl  -KSchleiden,  Pvg,  Amml^ 
»lHL,p.3«.)  '  ^    ^  ^ 


t  Hydrate  of  potash  la  tbo  canslte  siAsluies  whisk  is  SlNBlned  bj  I 
ash  with  qolokUma. 
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IntBOtaoeoas  deep  blue  on  the  addatkn  of  iodine,  showing  that  eterch 
hat  been  formed. 

Wood^r  fibre,  therefdre,  may  be  changed  into  starch,  either  by  the  un-^ 
aided  action  of  heat,  bvthat  of  eoiphoric  acid,  or  by  botliug  with  caustic 
poush,— and  the  starch,  thus  produced  may  be  farther  transformed,  first 
into  gum  and  then  into  grape  sugar,  bv  the  prolonged  action  of  dilate 
snlphuric  acid,  assisted  by  a  moderate  beat. 

tl.   VtAMCB* 

1^.  Action  cf  ^^«a<.— When  fkrar,  potato,  or  armw-root  starch  is 
apread  out  upon  a  tray,  then  iutrodaced  into  an  orou  and  gradually 
heated  to  a  temperature  not  exceeding  300^  F.,  it  slowly  changes,  ac- 
qnires  a  yellow  or  brownbfa  tint  according  to  the  temperature  employed, 
and  becomes  enthreW  soluble  in  cold  water.  It  u  changed  tn/o  gvm. 
Under  the  names  of  starch-gnm,  or  British-gum,  this  substance  is  large- 
ly manufactured  in  this  country,  and  is  successfully  substituted  for  gumi 
arable  by  the  calieo-printers  in  thickenine  many  of  their  colours.* 

The  gum  thue  prepared  not  uufrequently  also  possesses  a  sweet  taste; 
fifom  the  further  change  of  a  portion  of  the  gum  into  sugar. 

2^.  Jbaion  o^toa(er.<— When  starch  is  dissolved  in  boiling  water,  and 
ia  then  allowed  to  stand  in  the  cold  either  in  a  close  vessel  or  exposed  to 
the  air,  it  gradually  changes  into  gum  or  sugar.  The  process,  however, 
ia  alow,  ami  montm  must  elapse  l^fore  the  whole  of  the  starch  is  thus 
apooianeously  transformed  in  the  presence  of  water  (De  Saussure).  It 
takes  place  more  rapidly  when  starch  and  water  are  boiled  together  for 
a  length  of  time« 

3^.  JUtion  qfmdpkurie  octc/.— From  what  has  been  already  stated  itf 
v^iard  to  the  action  of  this^acid  on  wood^  fibre  it  will  readily  be  supposed 
that  native  starch,  of  any\ariety,  b  likely  to  undergo  transformation 
when  subjected  to  its  influence. 

In  reality,  if  60  parts  of  starch,  13  of  solpboric  acid,  and  139  of  watef 
be  taken,  and  if  the  starch  be  thoroughly  moistened  with  a  portion  of  the* 
water,  and  then  poured  into  the  mixture  of  the  acid  with  the  remainder 
of  the  water,  and  heated  to  190^  F.,  the  starch  will  be  entirely  convert- 
ed into  gum.  By  further  and  more  prolonged  heating  this  gum  iir 
idiaoged  into  grape  sugar.  The*  gum  or  sugar  may  be  obtainiBd  in  a' 
aefMuaie  state  by  adding  to  the  solutioa  either  chalk  or  lime,  which  will 
eombine  with  and  carry  down  the  acid.f  One  hundred  pounds  of  starchr 
treated  in  this  way  wilt  yield  firom  105  to  122  lbs.  of  dry  grape  sugar. 

The  rapkiity  with  which  this  transfimnation  takes  place  depeodb 
pertly  upon  the  temperature  and  partly  upon  the  proportion  of  acid  em^ 
ployed.  Thus  100  lbs.  of  steTrch  mixed  with  000  of  water  and  10  of 
•ulphoric  acid,  will  be  converted  into  grape  sugar  by  boiling  for  seven 
hoars.  If  by  inereasing  the  pressure  the  temperature  be  raised  to  SiSO^ 
F.,  the  transifbrmation  will  be  efiected  in  a/sts  mnuU$4    With  only  one 

*  Doitaff  th«  bttUns  oftoraad  this  oorvenhNi  of  ttareh  into  gam  takM  pUee  to  •  cooatder* 
•Me  cjoeoL  ThiM  Vogel  foiuid  thai  flour  which  contained  no  gum  gaTO,  when  baked,  a 
111  mil  or  which  18  per  cent,  or  aearljr  ono-ifth  of  the  whole  weifht.  eonelMed  of  gum. 
Vbw  em  of  the  efhetaof  bakkig  ialonader  UisieuMUtf^  more  eoXobto,  and  therefore  0) 
Man  eaaUy  digeeUhle. 

t  ft  fbrawgigMiMi  wtth  It  (solphate  of  Hbm)  which  it  a  eompoond  of  Ihne  eod  lolphitfls 
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* 
ponod  of  lircid  and  the  tame  qaantity  of  icarch  and  wafer,  the  cbance 
will  be  efTected  in  ihrtt  boore  by  a  temperature  of  930^  F.  l^hia  mode 
of  converting  potato  starch  into  grape  sugar  ia  eatd  to  be  extensively 
practised  in  France,  for  the  purpose  of  subsequently  fermeDting  tfeis 
Msgar  and  coavctting  it  into  iraiu£y. 

III.   GUM. 

Action  dfndfhuric  acid.'-^tt  powdered  gum  arabic  be  rub))e<)  in  a 
'^lortar  with  the  sulphuric  acid  of  the  sfaops^  a  brownish  solution  is  ob- 
cained,  which,  when  diluted  with  water  and  treated  with  chalk,  yields  a 
gummy  substance  sjmilar  to  that  obtained  in  the  s^me  way  from  starch 
and  woody  fibre.  Prolonged  digestion  with  diluted  acid  conyeits  a  pol^ 
lion  of  this  gum  into  sugar.— {Beraelius,  TraiUde  Ckemiej  (id3l),  v., 
p.  217.] 

IV.— CANE  SnOAR. 

1^,  Actum  ofheaL—Vht^n  crystallized  cariis  sugar  is  h^^ed  to  320® 
F.  it  melts,  and  if  the  temperatlire  be  raised  id  360^  F.  \t  gives  oflTtwo 
titoms  of  water  and  is  changed  into  carameL  This  <iaramel  is  an  un- 
crystallizable  sugar,  which  is  generally  present  in  artificial  syrups,  and 
is  often  of  a  browniBh  colour.  It  contains  the  elements  of  an  atom  of 
^^ater  less  than  cane  sugar,  and  i!S  r^pr^tfiMe^  by  G,3  Ug  O9.  It  is 
not  known  to  occur  in  the  natural  jiiiCeS  Of  plants. 

2°.  AcHoh  of  stdphiric  acid.'-^V^htA  C0ine  sug^r  is  digested  with  di- 
lute sulphuric  acid,  aided  by  a  gentfe  heat,  it  is  rapidly  converted  into 
{^rape  sug^r.  The.  acid  of  grapes  (taharie  acid)  and  many  other  vege- 
table acids  produce  a  similar  change. 

tt  is  obvious  that  this  conversion  of  cane  into  grape  sugar  can  only 
take  place  in  the  presence  of  water,  inasmuch,  as  has  already  been 
shown  (p.  110),  grape  sdgar  contains  the  elements  of  two  atoms  oif  water 
more  than  cane  su^ar,  or 

CiAe  BOgar.  Water.        Dry  gnne  •agar. 

Ci,  H, ,  O,,  +2HO  =  C„  a,,  0„. 

We  m^y  revert  now  to  the  question  with  which  We  concluded  tfat 
preceding  section.  Since  tliese  ditferetit  substances  are  so  closely  allied 
m  chemical  constitution,  and  oceur  so  often  in  connection  wiih  each 
other  in  the  vegetable  kingdom,  does  nature,  when  hei^  purposes  demand 
the  change,  actually  tran&rm  them,  the  one  into  the  other^  in  the  Ime- 
rior  of  the  plant?  The  answer  may  now  be  safely  given,  that  she  cer- 
tainly does.  What  we  can  so  readily  peHbrm  by  our  rude  art  may  be 
still  more  easily  effected  in  the  living  vegetable.  That  which  is  staieti 
or  gum  in  one  part  of  the  plant,  may  become  cane  or  grape  sugar  in 
another,  and  woody  fibre  in  a  third.  Thus  by  re-arranging  ihesanie 
kind  and  quantity  o'f  the  several  elements,  may  the  various  and  unlike 
forms  of  matter  which  constitute  the  main  products  of  vegetation  bb 
readily  produced. 

Still  the  facility  is  only  apparent.  We  can  assure  ourselves  of  the 
fact  of  such  conversions,  because  we  can  at  will  induce  them.  But  who 
operates  upon  these  substances  in  the  interior  of  the  plant?  Whose 
mind  and  will  directs  Uiese  chaUges— prescribing  when,  where,  and  10 
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n^hat  order  they  shall  take  place  t  How  roach  depends  opon  &e  re- 
fined and  little  understood  inecbanism  of  the  vegetable  structure— how 
much  on  the  living  principle  itself !  What  is  this  living  principle-^ 
how  can  it  direct  !* 

1 7.  Of  the  fermentation  of  starch  and  sugar^^and  of  the  relative  cifeui^ 

Mtancet  wider  which  cane  and  grape  sugars  generally  occur  in  nature. 

It  will  be  of  use  to  ns,  in  connection  with  the  above  transformationst 
to  advert  to  the  property  possessed  by  starch  and  nearly  all  the  known 
varieties  of  Bum  of  entering  into  fermentation  under  favourable  cir- 
cumstances. When  flour  is  inad«  intt>  a  paste  with  leaven  or  yieast  it 
begins  to  rise  and  ferment,-— sooner  or  later,  according  to  (he  kind  of 
flour  and  the  quantity  of  ferment  added.  When  to  a  decoctiob  of  mklt 
or  to  a  solution  of  starch  or  of  cane  or  grape  sugar  in  waren  a  portion  of 
yeast  is  added,  fermentation  is  speedily  induced ;  and  if  not  arrested  by 
unfavourable  circumstances  it  will  continue  until  the  whole  of  the 
starch  or  sugar  disappears. 

In  all  these  cases  it  is  grape  sugar  alone  Otat  undergoes  fermentation. 
[Rose,  Poggen.  Annal.^  lii.,  p.  297.]  The  starch  of  the  moist  dough  or 
of  the  solution  is  partially  transformed  into  grape  sugar  before  fermenta- 
tion commences.  Such  is  the  case  also  with  tbe  decoction  of  malt  and 
with  cane-sugar.  Tbe  fermentation  commences  soon  after  the  first  por- 
tion of  grape  sugar  is  formed,  and  proceeds  more  or  less  rapidly  accord- 
ing as  this  transformation  is  more  or  less  speedily  effected.  Hence,  io 
the  art  of  brewing,  tbe  necessity  of  cautiously  regulating  the  tempera^ 
tore  by  which  this  change  of  the  starch  and  sugar  is  promoted  and  liast- 
eoed. 

The  fermentation  itself  is  the  result  not  of  a  mere  transfnmation  of 
one  form  of  matter  into  another  having  the  same  elementary  constitu*- 
tion,  but  of  a  decomposition  of  one  substance  into  two  others  unlike  itself 
eiflier  in  properties  or  in  chemical  composition.  The  grape  sugar  is  re- 
solved into  alcohol  (spiriu  of  wine),  which  remains  in  the  liquid,  and  into 
carbonic  acid,  which  escapes  in  the  form  of  gas  and  causes  the  fermen- 
tation. Thus  alcohol  being  represented  by  C4  H«  Oj,  and  carbonic  add 
Iry  CO,» 

2  of  alcohol  =  C,  £[„  O4  and 

4  of  carbonic  acid  =64  Os  make  up 

1  of  grape  sugar  =C,,H,,0,j|. 

It  IB  an  interesting  fact  that  the  cane  and  grape  sugars  occur  in  na- 
ture in  circumstances  which  are  entirely  consistent  with  the  statement 
ID  the  preceding  section,  regardins  the  action  of  acids  00  the  former 
▼anety  of  this  natural  product.  Fruits  contain  grape  sugar,  which  in- 
creases in  quantity  as  they  ripen  or  become  less  sour.  In  the  sugar 
eane,  the  beet  root,  and  the  maple  and  birch  trees,  cane  suear  ezistSy 
but  in  their  juices  no  acid  is  associated  with  the  sugar.  On  the  contra- 
ry, ammonia  is  known  to  be  present  in  roost  of  them  along  with  the 
cane  sugar.  Hence  it  is  inferred,  that  as  in  our  hands  and  in  our  exper- 
I  cane  sugar  is  changed  by  the  agency  of  acids  into  grape  sugar,  and 
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whh  remarkable  ease  by  that  acid  whidi  ezkis  in  the  ripe  grape,  ao  it  b 
in  the  inflbrior  of  plants.  Where  sugar  oceora  tn  cxNinectioa  with  an  add 
in  the  jaice  of  a  plant,  it  la  ^pe  sugar  in  whole  or  in  great  pan,  be- 
cause in  the  presence  of  an  acid  body  cane  sugar  cannot  permanently,  ex- 
ist,  but  is  gradually  transformed  into  the  sugar  of  grapes.  It  thus  ap- 
pears also  why  fruits  so  readily  enter  into  fermentation,  and  why,  even 
when  preserved  with  cane  sugar,  they  wiU,  in  consequence  of  tbe  acid 
they  retain,  slowly  change  the  latter  into  grape  sugar,  and  thus  indnce 
fermentation.* 

§  8.  Of  sub$tance$  which  eotUain  Nittogen, — Ol%Utn^  FegeiahU 
Albumen^  and  Diaskue, 

The  substances  described  in  the  preceding  sections  consist  of  cariwot 
hydrogen,  and  oxygen  only,  and  of  them  the  great  bulk  of  the  regeta* 
ble  productions  of  Uie  globe  consists.  But  there  are  certain  other  sub- 
sfances  occurring  along  with  starch  and  sugar,  into  which  nitrogen  enters 
as  a  constitueot,  and  which,  though  not  formed  in  the  vegetable  king- 
dom in  very  large  quantity,  are  yet  of  such  interest  and  importance  m 
other  respects,  as  to  make  it  necessary  shortly  to  advert  to  them. 

1^.  Octtten.— When  the  floor  of  wheat  is  made  into  a  dough,  and  this 
dough  is  washed  with  water  upon  a  fine  sieve,  a  milky  liquid  passes 
throufffa,  from  which  starch  gradually  subsides.  This  has  been  already 
stated.  But  on  the  sieve,  when  the  water  ceases  to  go  through  milky, 
there  remains  a  sod  adherent,  tenacious,  and  elastic  substance,  which 
can  be  drawn  out  into  long  strings,  has  scarcely  any  colour,  taste,  or 
smell,  and  is  scarcely  diminished  by  wasbiof  either  with  hot  or  with 
cold  water.  This  substance  is  the  gluten  oftSieat.  The  flour  of  other 
kinds  of  grain  also  yield  it  bv  a  similar  treatment,  though  generally  in 
Btruch  smaller  quantity.    This  appears  from  the  following  table :— *• 

The  grain  of 

Wheat  contain*  8  to  35  per  cem.  of  gluten^ 
Rye  ....  9  to  13 
Barley   ...  8  16    0        •*  " 

Oats  ...»  9  to    5        '*  '' 

When  the  moist  gluten  is  dried  in  the  air  or  at  the  temperatore  of 
boiling  water,  it  diminishes  much  in  bulk,  and  hardens  into  a  brittle 
semi-transparent  yelldW  substance  resembling  horn  or  gtoe.  In  this  state 
it  is  insoluble  in  water,  but  dissolves  readily  in  vinegar,  in  alcohol  eithef 
cold  or  hot,  and  in  solutions  containinff  caustic  potash,  or  soda,  [the 
common  pearl-aA,  or  doda  of  the  shops  boiled  with  quick-lime.] 

3^.  Vegetable  ^6um<ft.— To  tbe  white  of  egg  the  name  of  albumen 
{aUnu^  white)  has  been  given  by  chemists.  It  iiossesses  the  well  known 
property  of  coagulating  or  of  forming  a  white  solid  insoluble  sobstaoce* 
when  it  is  heated  either  alone  or  after  being  mixed  with  water. 

When  the  starch  has  snbsided  from  the  milky  liquid  which  j 


*  MUk  also,  In  fiiTounbto  drcumaHaeas,  u  wh«o  kept  at  a  temperatore  of  \W^  P.,  ina. 
derfues  fermenuUon,  aod  Id  some  eouDtiiea  of  Aila  a  splritaoaa  liquor  la  prepared  trom 
maree*  and  aaeea*  mii^  In  this  eaee  the  milk  fliM  beoomea  eoor,  then  tbe  aetd  thoa  Ibiai- 
ed  eoDveria  tbe  laitk  amar  taito  mpe  Micar,  aod  Anally  thia  augar  eolem  loio  feroieniih 
don.  ThIa  takea  place  more  readiljr  tn  eonaeqnence  of  the  preaence  of  the  decompoaiiw 
cheear  matter  (caaein)  of  the  milk— aa  la  abown  by  the  Ikct  that  die  Intiodaedon  of  •  amal 
qoanlftyoftbe  taxdof  nHk  loioaaahirtoaorinpeaacarivia  cwaaettiefiRment. 
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thioagh  the  sieve  in  prepariae  the  gluteo  of  wheat,  the  water  retts  trans- 
|>arettt  And  colourless  above  the  white  sediment.  If  this  water  be  heated, 
it  will  become  more  or  less  troubled,  and  white  films  or  particles  will 
separate,  which  may  be  easily  collected,  and  which  possess  all  the  pro- 
perties of  coagulated  albumen,  or  boiled  white  of  egg.  To  this  sub- 
stance the  name  oC  vegetable  albumen  has  been  given.  When  the  fresh 
prepared  gluten  of  wheat  is  boiled  in  alcohol  a  portion  of  albumen  gene- 
rally remains  undissolved,  showing  that  water  does  not  completely  wash 
it  out  from  the  gluten. 

Vegetable  albumen,  when  fresh  and  moist,  has  neither  colour,  taste, 
nor  smell,  is  insoluble  in  water  or  alcohol,  but  dissolves  in  vinegar  aixl 
in  caustic  potash  or  soda.  When  dry  it  is  brittle,  more  or  less  coloured, 
and  opaque.  In  the  seeds  of  plants,  it  exbts  only  in  small  quantity— 
thus  the  grain  of 

Wheat  contains  |  to  1^  per  cent. 
Rye       ...     2  to  3|        «» 
Barley  .     .     .  ^  to    |        •♦ 
Oats      ...    I  to   i        •* 
It  occurs  more  largely  however  in  the  fresh  juices  of  plants,  in  those 
of  cabbage  leaves,  turnip  roots,  and  many  others.    When  these  juices 
are  heated  the  albumen  coagulates  and  is  readily  separated. 

Gluten  and  vegetable  albumen  appear  to  be  as  closely  related  as  sugar 
and  starch  are  to  each  other.    Like  these  two  substances,  they  consist 
of  tha  same  elements,  united  together  in  the  same  proportions,  and  are 
capable  of  similar  mutoal  transformations.    According  to  the  most  re- 
cent analyses,  those  of  Dr.  Scheerer,  they  consist  of 
Carbon         =  64-76 
Hydrogen    =ss    7-06 
Oxygen        ==  20-06 
Nitrogen       =  18-12 

100 

When  exposed  to  the  air  in  a  moist  state  these  substances  undergo  de- 
composition. They  ferment,  emit  a  most  disagreeable  odour,  and  pro- 
<)ace,  among  other  compounds,  vinegar  and  ammonia. 

The  important  influence  which  eluten  and  vegetable  albumen  are 
snpposed  to  exercise  over  the  nourishing  properties  of  the  difierent  kinds 
of  food  in  which  they  occur,  will  be  considered  in  a  subsequent  part  of 
these  lectures.* 

3°.  Diastase' — ^When  cold  water  is  poured  upon  barley  newly  malted 
ao^  crushed,  is  permitted  to  remain  over  it  for  a  auarter  of  an  hour,  is 
then  poured  oflf,  filtered,  evaporated  to  a  small  bulk  over  boiling  water, 
again  filtered  if  necessary,  and  then  ooiixed  with  much  alcohol,  a  white 
tasteless  powder  falls— to  which  the  name  <^  diastase  has  been  given. 

*  Thare  oeeor  In  the  animal  Ungdom— In  the  bodies  of  animate— three  other  faaoa  of  th4 
■nlMttnee  above  described  under  the  names  of  gluten  and  TegeCable  albumen.  These  are 
aByooaen  or  white  of  egg,  already  menUoned,— cosmm,  the  cord  of  cbeeee,— and  Jlbrin,  the 
anbelence  of  the  muscular  nbre  of  animals. 

1^  Cbsem.— When  the  curd  of  cheese  Is  wen  washed  with  water,  and  then  boiled  In 
aleohol  to  free  it  from  oily  matter,  it  fonns  the  casein  of  chemists.  While  moist  It  Is  soft 
and  coloorless,  bat  as  It  dries  It  hardens,  assumes  a  yellow  colour,  and  beeomes  semltrans. 
fnnot    Bven  when  moist  It  Is  perfectly  Insoluble  either  in  cold  or  In  hot  water.    It  is  8ohi« 
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If  anm«lted  barley  be  so  treated  tio  diastase  is  obtained.  This  sub- 
•Cance*  therefore,  U  formed  during  the  process  of  maJUing, 

If  wheatf  or  barley,  or  potatoes,  which  by  steeping  in  water  yield  no  di- 
astase, be  made  to  germinate  (or  sprout),  and  be  afterwards  bruised  and 
treated  as  above,  diastase  will  be  obtained.     //  U  therefore  produced 

If  toe  shooC  of  a  potato  be  cut  off  within  half  an  inch  of  its  base,  this 
lower  portion,  with  the  part  of  the  potato  to  which  it  is  immediately  at- 
tached, separated  from  the  rest-^iiDd  the  three  parts  (the  upper  portion 
of  the  shoot— the  lower  portion  with  its  attached  fragment  oi  potato— 
and  the  remaining  mass  of  the  potato)  treated  with  water,— K>nly  that 
portion  will  yield  diastase  in  which  the  base  of  the  shoot  is  situated. 
When  a  seed  sprouts,  therefore,  this  substance  is  formed  at  the  h€ae  of 
the  germ,  and  there  remains  during  its  growth* 

If  the  same  portion  of  the  potato,  or  S  the  grain  of  barley  or  wheat  is 

Me,  bowerer,  tn  inter  cootalninff  Tinegar,  or  to  whicb  a  little  earbonale  of  potaeh  or  eode 
hsM  been  added.  It  may  be  kept  for  any  length  of  time  in  a  dry  place,  without  undeifoJoc 
decay.  The  ebaogea  andergune  by  old  cheese  are  chiefly  due  to  the  oily  and  other  nib* 
fltaDcee  wUi  which  the  curd  is  mixed,  b  haa  been  remarlced,  that  when  the  glaten  of  wheat 
ii  left  ft>r  a  length  of  time  in  a  moist  state  it  undergoes  a  kind  of  fermeniatioQ  and  gradually 
acquires  the  smell  and  taste  of  cheese  (Rouelle.) 

fP.  FSMn.-^Yfh9}n  lean  beef  or  mutton  ie  long  washed  in  water  tlU  Itt>ee«me80o1ottiie88, 
SDd  iatbeo  boiled  in  alcohol  to  eeparate  the  fat,  a  colourless,  elastic,  fibrous  mass  is  obtained, 
which  Is  the  fibiin  of  chemists.  In  recentl  v  drawn  blood  it  exists  in  the  liquid  state,  but  coa- 
kulates  Bpontaneonaly  when  exposed  to  the  air,  and  forms  the  greater  part  of  the  cfal  of 
bipod.  It  dlaaolTes  in  a  solution  of  caustic  potash  or  of  niire,  and  in  vinegar. 
.  8*^.  Albumen.— 'TtiiB  substance  in  the  liquid  state  exists  in  the  white  of  egg,  and  in  the 
■eram  of  the  blood.  It  coagulates  by  heating  to  160°  F ,  or  if  pretrlonsly  mlzea  witb  water 
by  raising  to  2120F. 

These  three  substances,  in  addition  to  their  well  cnown  sensible  properties,  are  distin- 
guished as  follows : 

1^.  Liquid  caaeinto  mflk,  is  not  eoagolaled  by  heating  atone— the  addltton  of  rennet  or  of 
•  little  add  (vinegar  or  spirit  of  salt)  is  necessary,  when  It  curdlea  readily. 

09.  Liquid  allmmen  in  white  of  egg,  coagulates  by  heat  alone,  aa  when  an  egg  la  put  Into 
hot  water. 

8^.  Liquid  Jlbrin  in  the  blood  coagulates  by  mere  exposure  to  the  air,  or  more  rapidly  by 
agitation  in  contact  with  the  air. 

Like  starch  and  sugar  these  three  substances  are  mutually  convertible  bv  known  meana. 
Tbus^/I^rui,  if  unboiled,  dissolves  by  digestion  at  80°  F.  in  a  saturated  solution  of  nitre,  and 
acquires  the  properties  of  liquid  albumen ;  and  if  to  liquid  albumen  a  little  caustic  potash  be 
added,  and  anerwarda  much  alcohol,  it  wiH  be  thrown  down  In  the  form  and  with  the  pn^ 
parties  of  ooietii. 

.  All  these  subalancea  appear  to  contain  the  same  organic  constituents  in  the  same  propor- 
uona 


BOQsalnlantt  ttnt  showed  the  identity  in  chemical  constitntion  of  ghiten  and  vegetable  al> 
lomen.— [Fog.  Aii.,  xl.,  p.  253.  J  Mulder  afterwards  proved  a  similar  identitv  between  vege> 
table  albumen  and  the  wtiite  of  en^fibrin,  and  casein.— {Ann.  de  Chim.  eL  de  Phys.,  Izv.,  p. 


8n.]  Holder  iuppoaes  Uiem  to  diflbr  from  each  other  by  the  preaence  In  unlike  quantitlea 
of  a  small  admixture  of  sulphur,  phosphorus  or  phosphate  of  lime. 

Those  who  are  not  familiar  with  the  nistory  and  with  the  nature  of  chemical  research,  can 
fokta  no  Idea  of  the  time  and  labour  which  hsa  by  different  chemists  been  expended  on  this 
one  branch.  The  persevering  industry  of  Dr.  Mulder,  of  Rotterdam,  appeared  to  hav« 
cleared  up  the  entire  subject  by  a  long  series  of  invealisations  and  analyses.— [for  an  ou^ 
line  of  his  resolta,  see  Berzelins  Arsberftttlese,  1639,  p.  6n,Kwhen  first  Vogel,  tnen  Prosper 
Denia,  and  latest  Liebig  and  Dr.  Scheerer,  have  arrived  at  diflbrent  results.  Our  ideaa  are 
vthos  again  unfixed,  and  our  partial  generalizations  set  aside  for  future  emendation. 

The  analysis  inserted  in  the  text,  as  representing  the  composition  of  gluten  and  vegetabia 
albnmen,  is  that  given  by  Dr.  Scheerer  for  the  purest  form  o(^brih.  I  have  selected  it  te 
preference  to  the  results  eiiiier  of  Bous^!ne&u!t  or  of  Mulder,  becattte  It  is  the  most  recent, 
and  ha^  been  obtained  with  a  Icnowled^eof  all  the  previous  researcnes.— and  assomlng  the 
chemical  identity  of  Ihia  entire  group  of  substances,  is  the  most  likely  to  represent  their 
oonatilutioo  with  accuracv.  It  didT'^rs  from  the  analysis  of  Mulder  anfy  in  stating Jhe  nltro* 
gen  at  2  per  cent  higher  than  was  done  bv  that  chemist  The  recent  improvemenca  In  the 
mode  of  determining  the  true  quantity  ot  nitrogen  in  organic  substances,  appear  to  jtntUy 
«a  in  expecting  the  reaull  of  Bcheerer  to  be  in  this  reapea  the  mora  ooRecti 
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examined,  when  the  first  t^e  leares  of  the  plant  have  been  fully 
formed  and  expanded,  the  diastase  will  be  found  to  have  in  ffreat  part, 
if  not  entirely,  disappeared.  This  substance,  therefore,  is  first  formed 
when  the  seed  begins  to  sprout,  oerforms  a  function  whicli  makes  Its 

Sresence  necessary  at  the  base  or  the  germ,  and  which  function  being 
ischarged  when  the  triie  leaves  are  formed,  it  then  disappears.  What 
is  the  nature  of  this  temporary  function,  why  the  dipstase  must  reside  at 
the  base  of  the  sprout  in  order  to  discharge  it,  and  why  it  should  so  early 
cease,  will  appear  from  a  detail  of  the  properties  of  this  singular  sub- 
stance. 

Properties  of  diastase. — If  the  solution  obtained  from  maltl>e  disested 
with  potato,  flour,  or  other  starch,  at  a  temperature  between  120^  and 
140°  F.,  the  latter  Will  gradually  dissolve  and  will  form  a  colourless 
transparent  solution.  When  this  solution  is  carefully  evaporated  a  yel- 
'  lowisn  white  powder  is  obtained,  perfectly  soluble  in  water,  to  which 
the  name  of  dextrine  has  been  given,  [because  its  solution  turns  to  the 
fif^  a  ray  of  polarized  light  when  passed  through  it.]  This  dextrine 
has  the  same  composition  as  starch.  It  is  merely  starch  changed  or 
transformed  in  such  a  way  as  to  become  soluble  in  cold  water,— a 
change  analdgous  to  that  which  it  undergoes  by  simply  boiling  in  water. 

But  if  the  (Sgestion  be  continued  after  the  starch  u  dissolved,  the  so- 
lution will  gradually  acquire  a  sweet  taste,  and  if  it  be  now  evaporated 
h  will  yield,  instead  of  dextrine,  a  mixture  of  gum  and  grape  sugar. 
And  if  the  digestion  be  still  further  prolonged,  the  whole  (m  the  starch 
will  be  converted  into  gra[>e  sugar  only.— fSee  above,  §  6,  p.  113.] 

Thus  diastase  (like  sulphuric  acid)  possesses  the  properly  of  trans- 
flirming  starch  eotirely— Hrst  into  gum,  and  then  into  grape  sugar.  The 
intermediate  stage  of  dextrine  has  not  been  recognized  in  the  action  of 
sulphuric  acid,  nor  is  it  easy  to  arrest  the  action  of  diastase  exactly  at 
this  point — the  most  carefully  prepared  dextrine  always  containing  a 
mixture  of  gum  and  sugar.  One  part  of  diastase  will  convert  into  sugar 
2000  pans  of  starch. 

A  solution  of  diastase,  when  allowed  to  stand,  soon  undergoes  decom 
position,  and  aOer  being  boiled,  it  has  no  further  effect  upon  starch.    It 
has  not  been  analysed,  because  it  is  difficult  to  obtain  it  in  a  pure  state, 
ft  contains  nitrogen,  however,  (6t<,  when  moistened  and  exposed  to  the 
air,  it  decomposes,  and,  among  other  products,  yields  ammonia.* 

The  functions  of  diastase— one  of  the  purposes  at  least  for  which  it  is 
produced  in  the  living  seed,  and  situated  at  the  base  of  the  germ— will 
DOW  be  in  some  measure  understood.  The  starch  ia  the  seedis  the  food 
of  the  future  germ,  prepared  and  ready  to  minister  to  its  wants  when- 
ever heat  and  moisture  concur  in  awakening  it  to  life.  But  starch  is  it* 
self  insoluble  in  Water,  and  could  not,  ihere&re,  accompany  the  fluid  sap 
when  it  begins  to  move  and  circulate.  For  this  reason  diastase  is 
ftrmed  at  the  point  where  the  germ  first  issues  from  the  mass  of  food. 
There  it  transforms  the  starch,  and  renders  it  soluble,  so  that  the  young 
▼easels  can  take  it  up  and  convey  it  to  the  point  of  growth.  When  the 
starch  is  exhausted  its  functions  cease.    It  is  then  itself  traa9fi>rmed  and 

•  a  wtt  be  fseoBeitid  tit  aaMMslfc^BlriMirinsii,  ts>^r^<P»«Mi»'l  fty  ltH8.>>436s 
Laetare  III.,  p.  61. 
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carried  into  the  general  cixculaitoD.  Or  wheo,  as  in  the  potato,  mueli 
more  starch  is  present  than  is  in  many  cases  requisite,  its  function  ceases 
long  before  the  whole  of  the  starch  disappears.  Its  presence  is  necessa- 
ry  only  until  the  leaves  and  roots  are  fully  forqaed — when  the  plant  is 
enabled  to  provide  for  itself,  and  becomes  independent  of  the  starch  of 
the  seed,  when  this  period  arrives,  therefore,  the  production  of  dias- 
tase is  no  longer  pez'ceived. 

This  I  have  said  is  one  of  the  purposes  which  appdans  to  be  served  by 
diastase  in-  the  vegetable  economy.  That  it  is  the  only  one  we  have  no 
XBason  to  believe.  There  may  be  others  quite  as  interesting  which  we 
do  not  as  yet  understand.  This  is  rendered  more  probable  by  the  fact 
that  the  diastase  contaitied  in  one  pound  of  malted  barley  is  capable  of 
converting  into  sugar  five  pounds  Of  stafcb.*  (Liebig.)  And  though 
at  the  temperature  at  which  the  seed  germinates,  more  of  this  substance 
may  be  necessary  to  transform  the  same  weight  of  .starch  than  is  re- 
quired in  our  hands,  when  aided  by  artificial  heat, — vet  as  we  never  in 
the  ordinary  course  of  nature  find  any  thing  superfluous  or  going  to 
waste,  there  is  reason  to  believe  that  the  diastase  may  be  intended  also 
to  contribute  directly  to  the  nourishment  and  growth  of  the  plant.  Aa 
it  contains  nitrogen,  it  must  be  derived  from  the  glilten  or  vegetable  al- 
bumen of  the  seed ;  and  as  a  young  plant  of  Wheat,  when  already  many 
inches  from  the  ground,  contains  no  more  nitrogen  than  was  originally 
present  in  the  seed  itself  (BoussinganU),  this  diastase  may  only  be  the 
result  of  one  of  those  transformations  of  which  glutenf  is  susceptible, 
and  by  which  it  is  rendered  soluble,  and  capable  of  aiding  in  the  pro- 
duction of  those  parts  of  the  substance  of  the  growing  plant  into  which 
nitrogen  enters  as  a  necessary  constituent. 

It  may  not  be  uninstructive  if  we  pause  here  (or  a  moment  and  con- 
sider the  beauty  of  the  arrangements  we  have  just  been  describing.  In 
passing  througn  a  new  and  interesting  country  we  do  not  hesitate,  at 
times,  to  stop  and  gaze,  and  leisurely  admire.  We  cannot  otherwise 
fally  realize  and  appreciate  its  beauty.  So  in  the  domains  of  sciencet 
we  cannfot  be  ever  hurrying  on— we  roust  linger  occasionally,  not  only 
that  we  may  more  carefully  observe,  but  that  we  may  meditate  and 
feel. 

Yon  see  how  bountifully  natnre  has  provided  in  the  seed  for  the  nour- 
ishment of  the  young  plant,  how  carefully  the  food  is  stored  up  for  is^ 
'  and  in  how  imperishable  a  form— >how  safely  covered~also  and  proiecteo 
from  causes  of  decay !  For  hundreds  of  years  the  principle  of  life  will 
lie  dormant,  and  for  as  many  the  food  will  remain  sound  and  undimin- 
ished till  the  time  of  awakening  comes.  Though  buried  deep  in  the 
earth,  the  seed  defies  the  exertions  of  cold  or  rain,  for  the  food  it  contains 
is  unafifected  by  cold  and  absolutely  insoluble  in  water.    But  no  sooner 

*  k  to  the  dtofllne  in  niftlt  which  diMohrei  the  starch  of  th«  huley  In  the  proeen  of  brew- 
ing, but  as  the  disstase  contained  in  malt  is  suflloleot  to  dissotye  so  large  a  qaaolHj  of  sUfch, 
iCTs  obrioQsly  a  waste  of  hlHMir  to  malt  the  whole  oi'  the  Iwriey  employed.  One  of  malt  to 
three  of  iMiriey  would  protj^Ij  be  snllleient  in  most  cases  to  obtain  a  wort  containing  the 
whole  of  ttie  starch  in  solution.  Advantage  is  taken  of  ihto  pronertj  in  the  manalkctura  of 
the  toA</e  beer  of  Louvaio,  and  of  other  places  In  Flanders,  and  In  Qermany,  where  the  Ugtat 
colour  to  secured  by  adding  a  laige  quantity  ef  flour  to  a  decocUon  of  a  smaQ  quanti^  of 
barley. 


t  That<ifattass  to  merely  ImiiH/brmsttgtatoniPB  eaoiioC  «y,  bennss  the  enct  chemical 
conatltotlon  of  diastase  to  as  yet  unhBowa. 
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»  the  sleeping  genn  recalled  to  life,  by  the  access  of  air  and  murmth 
and  daly  tempered  moisture,  than  a  new  agent  is  summoned  to  its  aid, 
and  the  food  is  so  changed  as  to  be  rendered  capable  of  ministerinff  to  its 
early  wants.  The  first  moirement  of  the  nascent  germ — (and  now  it 
moves*  by  what  inherent  or  impartial  force,  who  shall  discover  to  us  ?) 
•—is  the  signal  for  the  appearance  of  this  a^nt-— diastase— of  which, 
previous  to  germination,  no  trace  oonld  be  discovered  in  the  seed.  At 
the  root  of  the  germ,  where  the  vessels  terminate  in  the  farinaceous 
matter,  exactly  where  it  is  wanted,  this  substance  is  to  be  found ; — there, 
and  there  only,  resolving  and  transforming  the  otherwise  unavailable 
store  of  food,  and  preparing  it  for  being  conveyed  either  to  the  ascending 
sprout  or  to  the  descending  root.  And  when  the  necessity  for  its  pre- 
sence ceases— >when  the  green  leaf  becomes  developed,  and  the  root  has 
fairly  entered  the  soil-^when  the  plant  is  fitted  to  seek  food  for  itself— 
then  this  diastase  disappears,  it  undergoes  itself  a  new  conversion,  and  xa 
prepared  in  another  form  to  contribute  to  the  further  increase  of  the  plant, 
ilow  beautiful  and  provident  are  ail  these  arrangements  f— tow  plas- 
tic the  various  forms  of  organic  matter  in  the  hands  of  the  Ail-Intelli- 
cent !— how  nicely  adjusted  in  time  and  place  its  diversified  changes ! 
What  an  apparently  lavish  expenditure  of  forethought  and  kind  previ- 
non,  in  behaJf  even  of  the  meanest  plant  that  grows ! 

§  9.  Vegetable  Adds. — Acetic  acid.  Oxalic  acid,  Tartaric  aeidf 

Citric  addf  Malic  acid. 
Another  class  of  com  pound  substances  remains  to  be  shortly  consid- 
ered,—those,  namely,  which  possess  sour  or  acid  properties,  and  which 
are  known  to  be  present  in  large  quantity  in  many  plants,  and  more 
especially  in  the  greater  number  or  unripe  fruits.  They  do  not,  taken 
as  a  whole,  form  any  large  portion  of  the  entire  produce,  either  of  the 
general  vegetation  of  the  globe  or  of  those  plants  which  are  cultivated 
for  food ;  yet  the  growth  of  fruit— as  in  the  grape,  orange,  and  apple 
eonntries— is  sufficiently  extensive,  and  the  general  interest  in  the  cul- 
tivation of  fruit  trees«Bufficieotly  great,  to  re(|uire  that  the  nature  of  the 
substances  contained  in  fruits,  and  the  peculiar  changes  by  which  they 
are  formed,  should  be  in  some  measure  considered  and  explained. 

I. — ^ACETIC   ACID. 

Asetie  add  or  vinegar  is  the  most  extensively  difiused,  and  the  most 
largely  produced,  of  all  thd  organic  acids.  It  is  formed  during  the  ger- 
mination of  seeds,  and  it  exists  in  the  juices  of  many  plants,  but  it  is 
most  abundantly  evolved  during  the  fermentation,  whether  natural  or 
artificial,  of  nearly  all  vegeuble  substances.  When  pure  it  is  a  oolour- 
less  liquid,  having  a  well  known  agreeably  acid  taste.  It  may  be 
boiled  and  distl  lied  over  without  being  decomposed.  The  vinegar  of  the 
shops  is  generally  very  much  diluted,  but  k  can  be  prepared  of  such  « 
strength  as  to  freeze  and  become  solid  at  45^  Fm  and  to  blister  the  skin 
and  produce  a  sore  when  applied  to  any  part  of  the  body-  When 
mixed  with  water  it  readily  dissolves  Ume,  magnesia,  alumina,  &c.« 
forming  salts  called  acetates,  which  are  all  soluble  in  water,  and  may« 
therefore,  be  readily  washed  out  of  the  soil  or  of  compost  heaps  by 
heavy  foils  of  rain. 
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Wfa«n  perfeetly  free  finm  waler,  aoelic  acid  cQOii»u  o^ 
Carboo  .    •    ,    47*5  per  cent*,  or  4  aUMn« 
Hydrogen  •    •      6-8       *'        or  3     " 
Oxygen.    •    •    4^-7        ♦♦        or3     *• 
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It  it  therefore  lepreaeiKed  by  the  fiinnuU  C4  H3  Os-^vi  whicb«  ae  in 
&aae  given  in  the  precedioc  tectioM  for  etarcl^  eogar,  ^o.,  the  niunbccf 
repreeesting  the  atoms  of  hydrc^gep  and  osygea  are  equal*  wad  cqom)- 
qaently  theee  elements  are  m  the  proporiion  to  form  water.  Heooei 
Tinegar,  like  soger,  may  be  represented  by  carboo  and  water. 

Let  us  coQsider  for  a-momeat  ibe  seyeml  processes  by  whieh  this  add 
M  usuaUy  fbrmed* 

l^'.  By  the  dUtUUH^m  ^  tooai.— This  a  method  by  which  woo(| 
vinegar-^-often  called  pyrohfpuoue  ocu^— hs  prepared  in  large  quantitjf« 
Wood  which  has  been  dried  in  the  air  is  put  into  an  iron  retort  and  dieutr 
led.  The  principal  producu  are  vinegar,  water,  and  tarry  oouitcer. 
The  deeoropositioo  is  of  a  oomplicaied  description,  but  by  com  paring 
the  ooDstitQtion  of  woody  fibre  with  thai  pf  vinegar,  we  can  readily  aee 
the  natuie  of  the  changes  by  which  the  latter  is  produced. 
WooDT  FtBtja  is  =  C,a  H,  O, 
3  of  ViifBGAR  are  =  Ci^HgOg 

DiSerenoe  sb  '  H  ,  0-. ;  or  the  elements 
ef  one  atom  of  water.  One  portion  of  the  woody  fiore,  therefore,  oom- 
bines  with  the  elements  of  an  atom  of  water,  obtained  by  the  decompo^ 
sition  of  another  portion,  and  thus  vinegar  is  produced. 

9^.  Manufacture  of  Vinegar  fiom  Cane  Sugar, — It  is  a  well  knowii 
fhct  in  domestic  economy,  that  if  cane  sugar  be  dissolved  in  water,  % 
little  vinegar  added  to  it,  and  the  solution  kept  fi>r  a  length  of  time  at  a 
moderate  temperature,  the  whole  will  be  converted  into  vinegar  withoul 
any  sensible  fermentation.  This  process  is  frequently  followed  in  tha 
preparation  of  household  vinegar,  and  was  ibrmerb^  adopted  to  some  6)^<« 
tent  in  our  ohemical  manufactories.  It  will  be  recollected  that  we  r^ 
presented  Cavs  Suaar  by    Cis  H|o  Oi«,  while 

3ofyinKOAa  =   Ci,  H,   O, 

Difierence  Ht      O, ;  or  the  elements 

of  an  atom  of  water,  which  caoe  sugar  must  lose  in  order  to  be  conveit<> 
ed  into  vinegar.  Whether  the  change  in  this  instance  takes  place  by 
^  direct  conversion  of  oane  sugar  into  vinegar,  or  whether  the  iprmer 
is  previously  transformed' into  grape  sugar,  has  not  been  saiisfactprily  de- 
termined. 

3^.  Manufaeture  ef  Vinegar  from  AMhd. — ^In  Germany,  where 
eommon  brandy  is  cheaper  than  vinegar,  it  is  found  profitable  10  manu* 
fecture  this  acid  from  weak  spirit.  For  this  purpose  it  is  mixed  with  a 
little  yeast,  and  then  allowed  to  trickle  over  wood  shavings  moistened 
with  vinegar,  and  contained  in  a  eask,  the  sides  of  which  are  perforated 
with  holes  for  the  admission  of  a  current  of  air.  By  this  method  oxy* 
gen  is  absorbed  from  the  air,  and  in  i24  hours  the  alcohol  in  tha  spirit  ja 
converted  into  vinegar  and  water« 
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,  The  explanation  of  this  process  is  also  simple,  alcohol  being  repre- 

**  sented  by  C4  H«  Oj.    Thus— 

**  Ai^oHOL  =  C4  H5  Oa  1       f          Vinegar  =  C.  H3  O, 

I  4ofOxTGK]f=             ^^   l  =  i   3  of  Water    =       H3  O, 

Sum  C4  H,  Oe  J       {  Sum     =  cThToT 

.   ivj^i  4°.  Production  of  Vinegar  by  fermentation. — When  vegetable  mat- 

■*.  ^  tere  are  allowed  to  ferment,  carbonic  acid  is  given  off  and  vinegar  is 

id^  formed.    In  such  cases  this  acid  is  the  result  of  a  series  of  changes,  da- 

^  ^^S  which  that  portion  of  the  vegetable  matter  which  has  at  length 

*■*'  reached  the  state  of  vinegar  has  most  probably  passed  through  the  seve* 

'^ii  ^^^  previous  stages  of  grape,  sugar,  and  alcohol.     The  carbonic  acid,  as 

^^  has  already  been  explained  (p.  115),  is  given  off  during  the  fermentation 

^0  of  the  grape  sugar,  and  th^  consequent  formation  of  alcohol. 

f  «i>^  To  simple  transformations,  similar  to  those  above  described,  we  can 

'CPfJ  trace  the  origin  of  the  vinegar  which  is  met  with  in  the  living  juices  of 

si^'^^  plants,  and  among  the  products  of  their  decay. 

\j  c*"  .  II. — tartaric  acid. 

^i0i  fphe  grape  and  the  tamarind  owe  their  sourness  to  a  peculiar  acid  to 

wliich  the  name  of  tor^oric  acid  has  been  given.  It  is  also  present,  along 
with  other  acids,  in  the  mulberry,  in  the  berries  of  the  sumach  (rkiis  cO' 
riarii),  and  in  the  sorrels,  and  has  been  extracted  from  the  roots  of  die 
couch-grass  and  the  dandelion. 

When  new  wine  is  decanted  from  the  lees,  and  set  aside  in  vats  ot 
casks,  it  gradually  deposits  a  hard  crust  or  tartar  on  the  sides  of  the  ves- 
}$^f^  sels.     This  substance  is  known  in  commerce  by  the  name  of  argol,  and 

^         when  purified  is  familiar  to  you  as  the  cream  of  tartar  of  the  shops.    It 
^^1  is  a  compound  of  tartaric  acid  with  potash,  and  from  it  tartaric  acid  is 

0  ^  extracted  for  use  in  medicine  and  in  the  arts.     The  principal  use  of  the 

^\!^  acid  is  in  certain  processes  of  the  calico  printers. 

"^JT^  The  pure  acid  is  sold  either  in  the  form  of  a  white  powder  or  of  trans- 

f^l  parent  crystals,  which  are  colourless,  and  have  an  agreeable  acid  taste* 

'^'Jl  It  dissolves  readily  in  water,  and  causes  a  violent  effervescence  when 

1^*^  mixed  with  a  solution  of  the  carbonate  of  potash  or  of  soda.    As  it  has 

DO  injurious  action  upon  the  system,  it  is  extensively  used  in  artificial 
soda  powders  and  effervescing  draughts.  When  added  in  sufficient 
quantity  to  a  solution  containing  potash,  it  causes  a  white  crystalline 


*< 


powder  to  fall,  which  is  cream  of  tartar  (or  hitartrate  of  potash),  and  from 


<^  lime  water  it  throws  down  a  white  chalky  precipitate  ot  tartrate  of  lime. 

^^  Both  of  these  compounds  are  present  in  the  grape. 

*^  When  perfectly  free  from  water  this  acid  consists  of— 

W  Carbon     .     .     .  =  36*81  or  4  atoms. 

^  Hydrogen     .    .  =    3-00  or  2  atoms. 

Jj  Oxygen  .    .    .  =  60-19  or  5  atoms. 

^  '  .                                                    ^^^ 

j2J  It  is  therefore  represented  by  the  formula  C4  Hj  Og. 

SJ'JT  If  we  compare  the  numbers  by  which  the  atoms  of  hydrogen  and  ox- 

IJ^  ygen  in  this  acid  are  expressed,  we  see  that  these  elements  are  not  in  the 

1*^  proportion  to  form  water,  and  that  this  substance,  therefore,  cannot,  like 
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00  many  of  those  we  have  hitherto  had  occasioo  to  notice,  he  represented 
by  carlioD  and  the  elements  of  water  alone. 
It  may  be  represented  by 

4  o^ Carbon  ,    .  =  C^  } 

2  c£  Water  .    .  ==        H,  O,    V   or,  4C+2H+30 
and  3  of  Oxtokn  .    .  =  O.    S 


Tartaric  Acid  =  C4  H,  O, 
And,  thongh  this  mode  of  representation  does  not  truly  exhibit  the  con- 
stitution of  the  acid,  inasmuch  as  we  have  no  reason  to  believe  that  it 
really  contains  water  as  such — ^yetlt  serves  to  show  very  clearly  that  in 
the  living  plant  this  acid  cannot  be  formed  directly  from  carbon  and  the 
elements  of  water,  as  starch  and  sugar/nay,  but  that  it  requires  also 
three  atoms  of  oxygen  in  excess  to  every  five  of  carbon  and  two  of  water. 
We  shall,  in  the  following  lecture,  see  how  nicely  the  functions  of  the 
several  parts  of  the  plant  are  adjusted, — at  one  period  to  the  formation  of 
this  acid,  and  at  another  to  its  conversion  into  sugar  during  the  ripening 
of  the  fruit.  ^ 

III.— CITRIC   acid,    or  acid   OF  I.EM0N^ 

This  acid  gives  their  sourness  to  the  lemon,  the  lime,  the  orange,  the 
cranberry,  the  red  whortleberry,  the  bird-cherry,  and^the  fruits  of  the 
dog-rose  and  the  woody  night-shade.  It  is  also  found  m  some  roots,  as 
in  those  of  the  dahlia  pmnata,  and  the  asarum  europaeum  (asarrahaxxa)^ 
and  mixed  with  much  malic- acid,  in  the  currant,  cherry,  gooseberry, 
raspberry,  strawberry,  common  whortleberry,  and  the  fruit  of  the  haw- 
thorn. 

When  extracted  from  the  juice  of  the  lemon  or  lime,  and  afterwards 
purified,  it  forms  transparent  colourless  crystals,  possessed  of  an  agreea- 
ble acid  taste ;  efiervesces  like  tartaric  acid  with  carbonate  of  soda,  and 
like  it,  therefore,  is  much  employed  for  effervescing  draughts.  With 
potash  it  forms  a  soluble  salt,  which  is  a  citrate  of  potash,  and  from  lime 
water  it  throws  down  a  white,  nearly  insoluble,  sediment  of  cifrafe  <^ 
hmtf,  which  re-dissolves  when  the  acid  is  added  in  excess.  In  combi- 
nation with  lime  it  exists  in  the  tubers,  and  with  potash  in  the  roots,  of 
the  Jerusalem  artichoke. 

When  free  from  water,  citric  acid  consists  of 

Carbon  ....  41*49  =  4  atoms. 
Hydrogen  .  .  .  3*43  =  2  atoms. 
Oxygen  .     -     .     .     55-08  =  4  atoms. 
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and  is  therefore  represented  by  C4  H,  O4. 

This  formula  differs  from  that  assigned  to  the  tartaric  acid  only  in 
containing  one  atom  of  oxygen  less,  O4  instead  of  Oj.  In  the  citric 
acid,  therefore,  there  are  2  atoms  of  oxygen  in  excess,  above  what  is 
necessary  to  form  water  with  the  2  of  hydrogen  it  contains. 

IV.— MALIC   ACID. 

The  malic  and  oxalic  acids  are  more  extensively  diffused  in  lioiftg 
plants  than  any  other  vegetable  acids.    If  acetic  acid  be  more  largely 
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fanned  ia  natare^  it  is  chiefly  a«  a  product  of  the  decompoeition  of  or- 
ganic matter,  when  it  has  already  ceased  to  exist  io,  or  to  form  part  of, 
a  living  plant. 

Along  with  the  citric  acid,  it  has  heen  already  stated  that  the  malic 
occurs  in  many  fruits.  It  is  found  more  abundantly,  however,  and  is  the 
chief  cause  of  the  sour  taste,  in  the  unripe  apple,  [hence  its  name  malic 
acid,]  the  plum,  the  sloe,  the  elderberry,  the  barberry,  the  fruit  of  the 
mountain  ash,  aod  many  pthers.  It  is  associated  with  the  tartaric  acid 
in  the  grape  and  in  the  A|;ave  americaoa. 

This  acid  is  not  used  in  the  ans  or  in  raedicioe,  and  therefore  is  not 
usually  sold  in  the  shops*  It  is  obtained  most  readily,  in  a  pure  state, 
from  the  berries  of  the  mountain  ash.  It  forms  colourless  crystals, 
which  have  an  a^eeable  acid  taste.  It  combines  with  potash,  soda, 
lime,  and  magnesia,  and  forms  ma(ate«,  aod,  in  combination  whh  one  or 
more  of  these  bases,  it  usually  occurs  in  the  fruits  and  juices  of  plants. 
The  nmlaU  of  lime  is  soluble,  while  the  citrate,  as  already  stated,  is 
nearly  insoluble,  in  water.  This  malate  exists  in  large  quantity  in  the 
juice  of  the  house-leek  (sempervivum  tectorum),inihe  Sedum  telephium, 
the  Arum  maculatum,  and  many  other  juicy  and  fleshy-leaved  plants. 

When  perfectly  free  from  water,  the  malic  acid  has  exactly  the  same 
chemical  constitution  as  the  citric,  and  is  represented  by  the  same  ibr- 
mula  C4  H2  O4.  These  two  kicids,  therefore,  bear  the  same  relation 
to  each  other  as  we  have  seen  that  8tan5h,  gum,  and  sugar  do.  They 
are  what  chemists  call  uonuric,  or  are  ifomerie  bodies.  We  caonot 
transform  them,  however,  the  one  into  the  other,  by  any  known  means, 
though  there  is  every  reason  to  believe  that  they  may  undergo  such 
transformations  in  the  interior  of  living  plants.  Hence  probably  one 
reason  also  why  the  malic  and  citric  acids  occur  associated  together  in 
00  many  difierent  fruits. 

▼.— -OXAX.IC  AC». 

This  acid  has  already  been  treated  of,  and  its  properties  and  compos!- 
don  detailed,  in  a  preceding  lecture  (Lecture  III.,  p.  47).  It  forms  co- 
lourless transparent  crystals,  having  an  agreeably  acid  taste,  and  it 
effervesces  with  the  carbonates  of  potash  and  soda,  but  on  account  of  its 
poisonous  qualities,  it  is  unsafe  to  administer  it  as  a  medicine.  It  oc- 
curs in  combination  with  potash  in  the  sorrels,  in  rhubarb,  and  in  the 
juices  of  many  lichens.  Those  lichens  which  incrust  the  sides  of  rocks 
and  trees,  not  unfrequently  contain  half  their  weight  of  this  acid  in  com- 
bination with  lime.  It  can  be  formed  artificially  by  the  action  of  nitric 
acid  on  starch,  sugar,  gum,  and  many  other  organic  substances. 

When  perfectly  free  from  water,  oxalic  acid  contains  no  hydrogen ; 
but  consists  of-» 

Carbon    •    •    .    33*75  =  2  atoms 
Oxygen    .    .     .    66-25  ±=3     •• 

100 
and  it  is  represented  by  C,  O,.    When  heated  with  strong  sulphuric 
acid,  it  is  decomposed  and  resolved  into  gaseous  carbotlic  acid  (CO^)  and 
carbonic  oxide  (CO)  in  equal  volumes.    This  change  is  easily  onder- 
giood  since  CO,  +  CO  =:  C,  O,. 
6* 


iM  4T4ftCH  comrzionEii  i9Vo  woost  fisiue. 

{10.  Oeneral  ohservaHons  on  ihe  tuhttances  cf  u^i^  jAomH  <MtJly  eonstwt. 

It  may  be  useful  here  shonly  to  review  the  most  important  facts  aixi 
ooDclusions  which  have  been  adverted  to  in  the  present  lecture. 

1°.  The  great  bulk  of  plants  consists  of  a  seties  of  substances  capable 
of  being  represented  bvi  and  consequently  of  being  formed  in  nature 
fronXf  carbon  and  the  elements  of  water  only.  Such  are  woody  £bre, 
starch,  gum,  and  the  several  varieties  of  sugar  (p.  111). 

2^.  Yet  the  crude  mass  of  wood,  as  it  exists  in  a  full-grown 
tree,  containing  various  substances  in  its  pores,  cannot  be  represented 
l)y  carbon  and  the  elements  of  water  aUme.  It  appears  always  to 
contain  a  small  excess  of  hydrogen,  which  is  greater  in  some  trees  than 
.  in  others.  Thus  in  the  chesnut  and  the  lime,  this  egtcess  is  greater  than 
in  the  pines,  while  in  the.  latter  it  is  greater  than  in  the  oak  and  the  ash. 
[For  a  series  of  analyses  of  different  kinds  of  wood  by  Peterson  and 
Schddler,  see  Thomson's  Organic  Chefnistry^'  \i.  849.] 

3^.  These  substances  are,  in  many  cases,  mutually  convertible  even 
in  our  hands.     They  are  probably,  therefore,  still  more  so  in  nature. 

It  is  to  be  observed,  however,  that  all  the  transformations  we  can  as 
yet  effect  are  in  one  direction  only.  We  can  produce  the  above  com- 
pounds from  each  other  in  tlie  order  of  lignin  or  starch,  gum,  cane  sugar, 
grape  sugar— that  is,  we  can  convert  starch  into  gum,  and  gum  into 
sugar,  but  we  g^nnot  reverse  the  process,  so  as  to  form  cane  from  grape 
sugar,  or  starch  from  gum. 

The  only  apparent  exception  to  this  statement  with  which  we  are  at 
present  acauainted,  occurs  in  the  case  of  starch.  When  this  substance 
IS  dissolved  in  ccld  concentrated  nitric  acid,  and  then  mixed  largely  with 
water,  a  substance  [the  Xylcidin  of  Braconnotl  falls  to. the  bottom, 
which  is  a  compound  of  the  nitric  acid  with  woody  fibre  (C.,  H,  O,,) 
[Pelouze,  see  Berzelius  ArsberdUeUe,  1839,  p.  416.]  In  this  instance* 
if  the  above  observation  is  correct,  there  appears  to  be  an  actual  con- 
version of  starch  into  woody  fibre. 

But  what  ire  are  as  yet  unable  to  perform  may,  nevertheless,  beeasilv 
and  constantly  effected  in  the  living  plant.  Not  only  may  what  is  starch 
in  one  part  of  the  tree  be  transformed  and  conveyed  to  another  part  in 
the  form  of  sugar, — but  that  which,  in  the  form  of  sugar  or  gum,  passes 
upwards  or  downwards  with  the  circulating  sap,  may,  by  the  instrumen- 
tality of  the  vital  processes,  be  deposited  in  the  stem  in  the  form  of 
wood,  or  in  the  ear  in  that  of  starch.  Indeed  we4inow  that  such  actu- 
ally does  lake  place,  and  that  we  are  still,  therefore,  very  far  from  being 
able  to  imitate  nature  in  her  power  of  transfortfiing  even  this  one  group 
of  substances  only. 

4^.  Among,  or  in  connection  with,  the  great  masses  of  vegetable  mat- 
ter which  consist  mainly  of  the  above  substances,  we  have  had  occasion 
to  notice  a  few  which  contain  nitrogen  as  one  of  their  constituents— and 
which,  though  forming  only  a  small  fraction  of  the  products  of  vegetable 
growth,  yet  appear  to  exercise'  a  p^os't  important  influence  in  the  general 
^onomy  of  animal  as  well  as  vegetable  life.  The  functions  peiiEbrmed 
>y  diastase  in  reference  to  vegetable  growth,  and  to  the  transiormationa 
of  organized  vegetable  substances,  have  already  been  in  some  measure 
illustrated,— we  shall  hereafter  have  an  opportunivy  .of  considering  xpor^ 
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fully  the  iofluence  which  gluten  and  vegetable  albumen  exercise  ovet 
tlie  gen*»ral  efficiency  of  the  products  of  vei^etation  in  tbesopport  of  ani- 
mal  life,  and  over  the  changes  which  these  products  must  undergo*  be* 
fore  they  can  be  converted  into  the  substance  of  animal  bodies.  Id  a 
former  lecture  (Lecture  IV.,  p.  66),  I  have  had  occasion  to  draw  your 
attention  i6  the  comparatively  small  proportion  in  which  nitrogen  exists 
in  the  vegetable  kingrlom,  and  to  show  that  it  must  Dovertfaeless  be  coo* 
sidered  as  much  a  necessary  and  constituent  element  in  their  eompori^ 
tioQ  as  the  carbon  itself;  the  very  remarkable  properties  we  have  al- 
ready discovered  in  the  compounds  above  mentioned  strongly  coofinn 
this  fact,  and  illustrate  in  a  striking  manner  the  influence  of  apparently 
feeble  and  inadequate  causes  in  pnxlucing  important  natural  results. 

5^.  With  the  exception  of  acetic  acid,  which  in  constitution  is  closely 
related  to  sugar*  and  gum,  all  the  acid  substances  to  which  it  has  been 
necessary  to  adveit,  contain  an  excess  of  oxygen  above  what  is  neoM^ 
sary  to  form  water  with  the  hydrogen  they  contain.     Thus 

ViifEGAR    ^         =  C4  H3  O3  contains  no  excess  of  oxygen.  • 

TARTAaic  Acid  =  €411305     .     .      3  of  oxygen  in  excess. 

Malic  Acid  I    ^r>    xi    n  o 

Citric  Acid  J    —^4^2^*     •    •      -^ 

Oxalic  Acid  =  C,  O3  .  .  3 
It  requires  a  little  consideration  to  enable  us  to  appreciate  the  true  im« 
portance  of  these  and  other  organic  acids,  in  the  vegetable  economy.  At 
first  sight  they  appear  to  form  a  much  smaller  part  of  the  general  pio- 
ducts  of  vegetation  than  is  really  the  case.  We  must  endeavour  to 
conceive  the  quantity  actually  produced  by  a  single  tree  loaded  with 
thousands  of  lemons,  oranges,  or  apples,— or  again,  how  moch'is  formed 
during  the  growth  of  a  single  comparatively  small  plant  of  garden  rha- 
barb  in  spring,  if  we  would  obtain  an  adequate  idea  of  the  extent  to 
which  these  acids  are  constantly  formed  in  nature.  On  the  other  hand. 
We  must  recollect  also  that  the  greater  portion  of  the  acid  of  fruits  disap- 
pears as  they  ripen,  if  we  would  understand  the  true  nature  of  the  ia- 
terest  which  really  attaches  to  the  study  of  these  substances,  of  the 
changes  to  which  they  are  liable,  and  of  the  circumstances  under  which 
in  nature  these  changes  take  place. 

6°.  I  will  venture  here  to  draw  your  attention  for  a  moment  to  the  n^ 
ture  and  extent  of  that  remarkable  power  over  matter,  which  the  chem- 
ist, as  above  explained,  appears  to  possess.  Such  a  coQsideratioD  will 
be  of  value  not  only  in  illustrating  how  far  we  really  can  now,  or  may 
hereafter,  expect  to  be  able  to  influence  or  control  natural  operationt, 
[see  Lecture  II.,  p.  32,1  but  what  is  ])robably  of  more  value  still,  exhibit- 
ing the  true  relation  which  mau'bears  to  the  other  paru  of  oreationi;  and« 
in  some  measure,  the  true  position  he  is  intended  tooccupy  among  them. 
I^.  We  have  seen  that  the  chemist  can  trantform  certain  substances 
one  into  the  other,  in  a  known  order ;  but  that  as  yet  he  cannot  reverse 
that  onier.  Thus  far  his  power  over  matter  is  at  present  limited ;  but 
this  limit  he  may  at  some  future  period  be  able  to  overpass,  and  we 

*  ft  Is  identical  in  oonfOtniigo  with  eoromet  (p.  114)--tbe  uae^ 

Vinenir.  Caramel- 

(C4  B9  Os  X  3)  s  (^uiHs  0». 
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know  not  how  far.  The  discovery  of  a  new  asent,  or  of  a  new  mode 
of  treatment,  may  enable  him  to  accomplish  what  he  ha«  not  as  yet  the 
means  or  the  skill  to  perform. 

2^.  He  has  it  in  his  power  to  form,  actnall]^  to  produce,  some  of  the 
organic  or  organized  substances  which  occur  in  living  plants.  He  can 
form  gum,  and  grape  sugar,  in  any  quantity.  Thu$  far  Kt  can  imilaU 
and  take  the  plau  of  the  UmngpnncipU  itself. 

Numerous  other  cases  are  known,  in  which  he  displays  a  similar 
power.  By  the  action  of  nitric  acid  upon  starch  or  sugar,  [see  Lecture 
III.,  p.  47,]  he  can  form  oxaUe  acid^  which,  as  has  already  been  shown, 
occurs  very  largely  in  the  vegetable  kingdom.  By  the  action  of  heat 
upon  citric  acid,  he  can  decompose  it  and  produce  an  acid  which  is 
met  with  in  the  Wolfsbane  (Aconitum  napellus),  and  hence  is  called 
eeonitie  addJ^  Also  by  the  action  of  sulphuric  acid  he  can  change 
salidne  and /iMortztne— substances  eiLtracted  respectively  from  the  bark 
of  the  willow  and  from  that  of  the  root  of  the  apple  tree — ^into  a  resinous 
matted  and  grape  sugar.  So,  of  the  compounds  which  are  found  in  the 
solids  and  fluids  of  animal  bodies,  there  are  some  which  he  has  also 
succeeded  in  fiirming  by  the  aid  of  his  chemical  art. 

Elated  by  such  achievements,  some  chemists  appear  willing  to  hope 
that  all  nature  is  to  be  subiected  lo  their  dominion,  and  that  they  ma^ 
hereafVer  be  able  to  rival  the  living  principle  in  all  its  operations.  It  is 
true  that  what  we  now  know,  and  can  accomplish,  are  but  the  begin- 
nings of  what  we  may  fairly  expect  hereafter  to  efiect-  But  it  is  of  con- 
sequence to  bear  in  mind  the  true  position  in  which  we  now  stand,  and 
the  true  direction  in  which  all  we  at  present  know  seems  to  indicate  that 
our  future  advances  in  knowledge,  and  in  control  over  nature,  are  likely 
to  proceed.    And  this  leads  me  to  observe-— 

3^.  That  our  dominion  is  at  present  limited  solely  to  transforming 
and  deoomoosing.  We  can  transform  woody  fibre  into  gum  or  sugar— 
foe  cannot  form  either  gum  or  sugar  by  tiie  direct  union  y  their  elements* 
We  can  resolve  salicme  by  the  acid  of  sulphuric  acid  into  resin  and 
grape  sugar ;  but  we  cannot  cause  the  elements  of  which  they  consist  to 
unite  together  in  our  hands,  so  as  to  form  any  one  of  the  three.  We 
cannot  even  cause  the  resin  and  the  sugar  to  re-unite  and  rebuild  the  sail- 
cine  from  which  they  were  derived. 

So  we  can  by  heat  drive  off  the  elements  of  water  from  the  citric  and 
cause  the  aconitic  acid  to  appear ;  but  we  cannot  persuade  the  unwilling 
compounds,  when  thus  separated,  to  return  to  their  former  condition  of 
citric  acid ;  and,  if  we  could,  we  should  still  be  as  far  removed  from  the 
power  of  commanding  or  compelling  the  direct  union  of  carbon,  hydro- 
gen, and  oxygen,  in  such  proportions,  and  in  such  a  way,  as  to  build  up 
either  of  the  two  acids  in  question. 

Again,  we  can  actually  form  oxalic  acid  by  the  action  of  nitric  acid 

*  Thete  two  welds  differ  from  each  other  only  I't  the  elements  of  an  atom  of  water.   Ttnm 
Citric  Acid    .    .    =sC4  11    04 
Aconitie  Acid    .    =  C4  Hi  Oj 

DMbrenee     .    .    =       Hi  O    or  HO,  one  of  water. 

It  is  sasf  to  aae,  therefore,  how,  by  the  erolntioD  of  the  elemenCa  of  an  atom  of  water,  ths 

one  Mid  JKSf  He  changed  into  Uie  other.    The  eelentlflc  reader  will  excuse  me  (if  on  Ihs 

Sroomli  of  tfmpUclty  alone)  for  repreoentiiigt  both  here  and  in  the  text,  ttie  eltiic  acid  by 

O   Ha04,iBsteadofl»jCiaHiOii+aBolwhlchLieb|gaadhlapiipilaiinrer.  ^ 
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upon  Starch,  or  wood,  or  sugar,  or  any  other  of  a  great  variety  of  vegetar 
ble  sobstaoces-^bat  we  caonot  prepare  it  bv  the  direct  union  of  its  ele- 
ments. We  can  only  us  yet  procure  it  from  substances  which  have 
already  been  organized — which  have  been  themselveff  produced  by  the 
agency  of  the  living  principle. 

The  same  remarks  apply  with  slight  alteration  to  those  substances  of 
animal  origin  to  which  I  have  above  alluded  as  being  whhin  the  power 
of  the  chemist  to  produce  at  will.  There  is  hardly  an  exception  to  the 
rale,  that  in  producing  organic  substances,  as  they  are  called,  the  chem- 
ist must  employ  other  organic  substances  which  are  as  yet  beyond  hit 
art — which,  so  far  as  we  know,  can  only  be  formed  unner  tke  direction 
of  the  living  principle.  Thus  the  sum  of  the  chemist's  power  in  imita- 
ting organic  nature  consists,  at  present,  in  his  ability— 

1®.  To  transform  one  substance  found  only  in  the  organic  kingdom 
into  some  other  substances^roduced  more  or  less  abundantly  in  the 
same  kingdom  of  nature,  xhis  power  he  exercises  when  he  converts 
starch  into  sugar,  or  fibrin  into  albumen  or  casein. 

2°.  To  resolve  a  more  complex  or  compound  substance  into  two  or 
more  which  are  less  so,  and  of  which  less  complex  substances  some  may 
be  known  lo  occur  in  vegetable  or  animal  bodies. 

3°.  To  decompose  organic  compounds  by  means  of  hts  chemical  agents, 
and  as  the  result  of  such  decompositions  to  arrive  at  one  or  more  com- 
ix)unds,  such  as  are  formed  under  the  direction  of  the  living  principle. 

In  no  one  case  can  he  form  the  substances  of  which  animals  and  plants 
chiefly  consist,  out  of  those  on  tehieh  aninuUs  and  plants  chiefly  live. 
'  But  this  is  the  common  and  every-day  result  of  the  agency  of  the  liv- 
ing principle.  Is  there  as  yet,  then,  any  hope  that  the'  chemical  labo- 
ratory shall  supersede  the  vascular  system  of  animals  and  plants;  or 
that  the  skill  of  the  chemist  who  guides  the  operations  withm  it,  shall 
ever  rival  that  of  the  principle  of  life  which  presides  over  the  chemical 
changes  that  take  place  in  animal  and  vegetable  bodies  ? 

The  true  place,  therefore,  of  human  skill— the  true  prospects  of  chem- 
ical science— are  pointed  out  by  these  considerations.  No  science  has 
accumulated  so  many  and  such  various  treasures  as  chemistry  has  done 
during  the  last  20  years^none  is  at  present  so  widely  extending  the 
bounds  of  our  knowledge  at  tliis  moment  as  the  branch  of  organic  chem- 
istry— men  may  therefore  be  excused  for  entertaining  more  sanguine 
expectations  from  the  progress  of  a  favourite  science  than  sober  reason- 
ing would  warrant.  Yet  it  is  of  importance,  I  think,  and  especially  in 
a  moral  point  of  view,  that  amid  all  our  ardour,  we  should  entertain 
clear  and  just  notions  of  the  kind  and  extent  of  knowledge"*  to  which  we 
are  likely  to  attain,  and— as  knowledge  in  chemistry  is  really  power 
over  matter- to  what  extent  this  power  is  likely  ever  to  be  earned. 

At  present,  if  we  judge  from  our  actual  knowledge,  and  not  from  our 
hopes— there  is  no  prospect  of  our  ever  being  able  to  imitate  or  rival 
living  nature  in  actually  compounding  from  their  elements  her  nume- 
rous and  varied  productions.  That  we  may  clearly  understand,  and  be 
able  to  explain  many  of  her  operations,  and  even  (o  aid  her  in  ejecting 
them,  is  no  way  inconsistent  with  an  inability  to  imitate  her  by  the  re- 
sources of  art.  This  will,  I  trust,  appear  more  distinctly  in  the  subse- 
qnent  lecture. 


LECTURE  VII. 

Chemical  eb«ngM  hj  which  the  aabttancM  of  which  pluiti  chlelly  edmiit  we  formed  tram 
thoee  on  which  they  ItTe.—Cbaogee  dortnf  tenolmioB— liacliic  the  frawth  of  the  pleitt^ 
dariiif  the  rtpeniog  of  frait—Amnwnal  cheAge& 

Having  thus  considered  the  nature  and  chemical  cvostitution  of  those 
aubstances  which  con&titute  by  far  the  largest  part  of  the  solids  and 
fluids  of  living  vegetables,  we  are  now  prepared  for  the  further  question 
— -^  tohat  chemical  changes  these  substances  of  which  plants  consist^  an 
formed  out  of  those  on  which  they  live? 

The  growth  of  a  plant  from  tne  germination  of  the  seed  in  spring  till 
the  £iil  of  the  leaf  in  autumn,  or  the  return  of  the  succeeding  spring- 
time, may  in  perennial  plants  be  divided  into  four  periods-— during  whidi 
they  either  live  on  different  food,  or  expend  their  main  strength  in  the 
production  of  diflerent  substances.  These  periods  may  be  distinguished 
as  follows  :— 

1°.  The  period  of  germination— from  the  sprouting  of  the  seed  to  the 
formation  of  the  perfect  leaf  and  root. 

2*^.  From  the  expansion  of  the  first  true  leaves  to  the  period  of  flow- 
ering. 

3°.  From  the  opening  of  the  flower  to  the  ripening  of  the  fruit  and 
seed. 

4^.  From  the  ripening  of  the  seed  or  fruit,  till  the  fall  of  the  leaf  and 
the  subsequent  return  of  ipring.  On  the  ripeniog  of  the  fruit  the  func- 
tions of  annual  plants  are  m  general  discharged,  and  they  die;  but  per- 
ennial plants  have  still  important  duties  to  perform  in  order  to  prepare 
them  for  the  growth  of  the  following  spring. 

The  explanation  of  the  chemical  changes  to  which  our  attention  is  to 
be  directed  will  be  more  clear,  and  perha|)s  more  simple,  if  we  consider 
them  in  relation  to  these  several  periods  of  growth. 

§  1.  Chemical  changes  which  take  place  during  germination  and  during 
the  development  of  the  first  leaves  and  roots. 

The  general  nature  of  the  chemical  changes  which  take  place  during 
germination  is  simple  and  easy  to  be  comprehended. 

Let  us  first  consider  shortly  the  phenomena  which  have  been  observed 
to  accompany  germinationT  and  the  circumstances  which  are  most  fa- 
vourable to  its  rapid  and  healthy  progress. 

1°.  Before  a  seed  will  begin  to  sprout,  it  must  be  placed  for  a  time  in 
a  sufficiently  moist  situation.  We  have  already  seen  how  numerous 
and  important  are  the  functions  which  water  performs  in  reference  to  < 
vegetable  life  (Lecture  II.,  p.  36.)  in  every  stage  of  a  plaot^s  growth. 
Li  the  seed  no  circulation  can  take  place — no  motion  among  the  parti- 
cles of  matter — until  water  has  beer  largely  imbibed ;  nor  can  the  food 
l)e  conveyed  through  the  growing  vessels,  unless  a  constant  supply  of 
fluid  be  afibrded  to  the  seed  and  its  infant  roots. 

2°.  A  certain  degree  of  warmth — a  slight  elevation  of  temperature- 
is  also  favourable*  and  in  most  casee  necessary,  to  germination. 
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The  degree  of  wannth  which  i«  required  io  order  that  eeeds  may  be- 
g^n  to  grow,  varies  with  the  nature  of  the  seed  iiseif.  In  Norihcrn  Si- 
beria and  other  icy  count ries,  plaots  are  observed  to  spring  up  at  a  tem- 
perature but  slightly  raised  above  the  freeziox  point  (32°  F.,)  but  it  is 
familiar  to  every  practical  agriculturist,  that  the  seeds  he  yearly  con- 
signs to  the  sou  require  to  be  protected  from  the  inclemency  of  the 
weather,  and  sprout  most  quickly  when  they  are  stimulated  by  the 
warmth  of  approaching  spring,  or  by  the  heat  of  a  summer's  sun. 

The  same  fact  is  familiarly  shown  in  the  malting  of  barley,  where 
large  heaps  of  grain  are  mcdstened  in  a  warm  atmosphere.  When  ger- 
minauon  commences,  the  grain  heats  spontaneously,  and  the  growth 
iDcreates  in  rapidity  &s  the  heap  of  corn  attains  a  higher  temperature. 
It  thus  appears  that  some  portion  of  that  beat  which  the  growth  of  the 
germ  and  radicles  requires,  is  provided  by  natural  processes  in  the  grain 
itself;  in  some  such  way  as,  in  the  bodies  of  animals,  a  constant  supply 
of  heat  is  kept  up  by  the  vital  processes — by  which  supply  the  coohng 
elfect  of  the  surrounding  air  is  continually  counteracted. 

We  have  seen  in  the  precedii)|[  lecture,  that  the  transformations  of 
which  starch  and  gum  are  susceptible,  take  place  with  greater  certainty 
and  rapidity  under  the  influence  of  an  elevated  temperature.  It  will 
presently  appear  that  such  transformations  are  also  anected  during  ger- 
mination ;  there  is  reason,  therefore,  to  believe  that  the  external  warmth 
which  is  required  hi  order  that  germination  may  begin,  as  well  as  the 
inieroal  heat  naturally  developed  as  germination  advajices,  are  both 
employed  in  eflecting  these  transformations.  And,  as  the  young  sprout 
shoots  more  rapidly  under  the  influence  of  a  tropical  sun,  it  is  probable 
that  those  natural  agencies  in  general,  by  which  such  chemical  transfor- 
mations are  most  rapidly  promoted,  are  also  those  by  which  the  pro- 
gress of  vegetation  is  in  the  greatest  degree  hastened  and  promoted. 

3°.  It  has  been  observed  that  seeds  refuse  to  germinate  if  they  are  en- 
tirely excluded  from  the  air.  Hence  seeds  which  are  buried  beneath 
such  a  depth  of  soil  that  the  atmospheric  air  cannot  reach  them,  will 
remain  long  unchanged,  evincing  no  signs  of  life — and  yet,  when  turned 
up  or  brought  near  the  surface,  will  speedily  begin  to  sprout.  Thus  in 
trenching  the  land,  or  in  digging  deep  ditches  and  drains,  the  farmer  is 
often  surprised  to  find  the  earth,  thrown  up  from  a  depth  of  many  feet* 
become  covered  with  young  plants,  of  species  long  extirpated  from  or 
but  rarely  seen  in  his  cultivated  fields. 

4°.  Yet  light  is,  generally  speaking,  prejudicial  to  germination. 
Hence  the  necessity  o^  covering  the  seed,  when  sown  in  our  gardens  and 
com  fields,  and  yet  of  not  so  far  burying  it  that  the  air  shall  Ekb  excluded. 
In  the  usual  method  of  sowing  broad-cast,  much  of  the  grain,  even  after 
harrowing,  remains  uncovered ;  and  the  prejudicial  influence  of  light  in 
preventing  the  healthful  germination  of  such  seeds  is  no  doubt  one  rea- 
aon  why,  by  the  method  of  dibbling,  fewer  seeds  are  observed  to  fail,  and 
an  equal  return  of  corn  is  obtained  from  a  much  smaller  expenditure  of 
seed. 

The  reason  why  light  is  prejudicial  to  germination,  as  well  as  whv 
the  presence  of  atmospheric  air  is  necessary,  will  appear  from  the  fol- 
lowing obeenratton  : — 

6^.  When  needs  ar9  made  to  germinate  in  ^  limited  portion  of  atmoe« 
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pLeric  air,  the  bulk  of  the  air  undergoes  no  material  alteration,  but  on 
exaniinatioti  its  oxygen  is  found  to  have  dinunished,  and  carbonic  acid 
to  have  taken  its  place.  Therefore,  during  germinaUon^  seeds  absorb 
oxygen  gas  and  give  off  earhonic  acid,- 

Hence  it  is  easy  to  understand  why  the  presence  of  air  is  necessary 
to  germination,  and  why  seeds  refuse  to  sprout  in  hydrogen,  nitrogen, 
or  carbonic  acid  gases.  They  cannot  sprout  unless  oxygen  be  ibUhm 
ikeir  reach. 

We  have  seen  also  in  a  previous  lecture  that  the  lieaves  of  plants  in 
the  sunshine  give  otr  oxygen  gas  and  absorb  carbonic  acid,— while  in 
the  dark  the  reverse  takes  place.  So  it  is  wiih  seeds  which  have  begun 
to  germinate.  When  exposed  to  the  light  they  give  oft'  oxygen  instead 
of  carbonic  acid,  and  thus  the  natural  process  is  reversed.  But  it  is  ne- 
cessary to  the  growth  of  the  young  germ,  that  oxygen  should  be  abaorb- 
ed,  and  carbonic  acid  given  of— -and  as  this  can  take  place  to  the  require 
ed  extent  only  in  the  dark^  the  cause  of  the  prejudicial  action  of  liglit  is 
sufficiently  apparent  as  well  as  the  propriety  of  covering  the  seed  with  a 
thin  layer  of  soil. 

6^.  During  germination,  vinegar  (acetic  acid)  and  diastase  are  pro* 
duced.  That  such  is  the  case  in  regard  to  the  latter  substance,  has  been 
proved  in  the  previous  lecture,  (p.  118.)  That  acetic  acid  is  formed  is 
shown  by  causing  seeds  to  germinate  in  powdered  chalk  or  carbonate  of 
lime,  when  after  a  time  acetate  of  lime*  may  be  washed  out  from  the 
chalk  (Braconnot)  in  which  they  have  been  made  to  grow.  The  acid 
contained  in  this  acetate  must  have  been  formed  in  the  seed,  and  after- 
wards excreted  or  thrown  out  into  the  soil. 

7^.  When  the  germ  has  shot  out  from  the  seed  and  attained  to  a  sen- 
sible length,  it  is  found  to  be  possessed  of  a  sweet  taste.  Thfs  taste  it 
owing  to  the  presence  oi  grape  sugar  in  the  sap  which  has  already  be* 
gun  to  circulate  through  its  vessels. 

It  has  not  been  clearly  ascertained  whether  the  vinegar  or  the  dias- 
tase is  first  produced  when  germination  commences,  but  there  seems 
little  doubt  that  the  grape  sugar  is  formed  subsequently  to  the  appear- 
ance of  both. 

8^.  The  young  shoot  which  rises  upwards  from  the  seed  consists  of 
a  mass  of  vessels,  which  gradually  increase  in  length,  tfnd  after  a  short 
time  expand  into  the  first  true  leaves.  The  vessels  of  this  first  shoot  do 
not  consist  of  unmixed  woody  fibre.  It  is  even  said  that  no  true  toood 
is  formed  till  the  first  true  leaves  are  developed. — [  Li nd ley's  IJieory  of 
Horticulture.]  The  vessels  of  the  younf  sprout,  therefore,  and  of  the 
early  radicles,  probably  consist  of  the  ceUtUar fibre  of  Payen.  They 
are  umiuestionably  formed  of  a  substance  which  is  in  a  state  of  transition 
between  starch  or  sugar  and  woody  fibre,  and  which  has  a  constitutioo 
analogous!  to  that  of  both. 

Having  thus  glanced  at  the  phenomena  which  attend  upon  germina- 
tion, let  us  now  consider  the  chemical  changes  by  which  these  i>henom- 
ena  are  accompanied. 

1^.  The  seed  absorbs  oxygen  and  gives  off  carbonic  acid.    We  have 

*  Acetate  qfUme  ia  ft  compoand  of  aeeUcadd  (TiDQgfti)  and  Ume,  mad  nuij'lie  prsptred  tar 
diiaolYing  ehftlk  In  Tinegar.    It  Is  vexy  aolubte  io  water, 
t  By  anabgottt  1  moan  which  msj  be  rapmantsd  by  caiboa  and  watsr. 
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already  seen  that  the  starch  of  the  seed  (C13  H,o  0,o)  may  be  repre- 
sented by  carboQ  and  water,— by  12C  -f  lOHO.  Now  it  appears  that 
in  contact  wiib  the  oxygen  of  the  atmoepbere,  a  portion  of  the  starch  is 
actually  separated  into  carbon  and  w^ier,  the  carbon  at  the  moment  of  sepa- 
xaiion  uniting  with  the  oitygen,  and  forming  carbonic  acid  (CO,).  This 
acid  is  given  off  into  the  soil  in  the  form  of  gas,  and  thence  partially  es- 
capes into  the  j^ir;  but  for  what  immediaU  purpose  it  is  evolved,  or  how 
it8  formaiion  is  connected  with  the  further  development  of  the  germ,  has 
not  hitherto  been  explained. 

2^.  The  formation  of  acetic  acid  (vinegar)  from  the  starch  of  the 
grain  is  also  easy  to  comprehend.     For,  as  .we  have  already  seen, 
Starch  .  .  .  s=Ci2  H  «  O|o 
3of  ViMEOAR   .  .  =CiaH9    O9 

Difierence  =  H,  Oi ;  or  the  elements  of 
an  atom  of  water.  Therefore,  in  this  early  stage  of  the  growth  of  the 
germ  a  portion  of  the  starch  is  deprived  of  the  elements  of  an  atom  of 
water,  and  at  the  same  time  transformed  into  vinegar. 

Why  is  this  vinegar  formed  ?  It  is  almost  as  difficult  to  answer  this 
question  as  to  say  why  carbonic  acid  is  evolved  from  the  seed,  though 
both  undoubtedly  serve  wise  and  useful  ends. 

Irhas  been  explained  in  the  preceding  lecture  how  the  action  of  dilute 
acids  gradually  changes  starch  into  cane  sugar,  and  the  latter  into  grape 
sugar.  While  it  remains  in  the  sap  of  the  sprouting  seed,  the  vinegar 
may  aid  the  diastase  in  transforming  the  insoluble  starch  into  soluble 
food  for  the  plant,  and  may  be  an  instrument  in  securing  tlie  conversion 
of  the  cane  sugar«  which  is  the  first  formed,  into  grape  sugar,-— since 
cane  sugar  cannot  long  exist  in  the  presence  of  an  acid. 

After  the  acetic  acid  is  rejected  by  the  plant,  it  may  act  as  a  solvent 
on  the  lime  and  other  earthy  matters  contained  in  the  soil.  Liebig  sup- 
poses the  especial  function  of  this  acid^the  reason  why  it  is  formed  in 
the  germ  and  excreted  into  the  soil — to  be,  to  dissolve  the  lime,  &c.,  which 
the  soil  contains,  and  to  return  into  the  | tores  of  the  roots,  bearing  in  so- 
lution the  earthy  substances  which  the  plant  requires  for  its  healthy 
growth.  This  is  by  no  means  an  unlikely  function.  It  is  only  conjec- 
tural, however,  and  since  the  experiments  of  Braconnot  have  shown  that 
acetate  qfUme^  even  in  small  quantity,  may  be  injurious  to  vegetation, 
it  becomes  more  doubtful  how  far  the  formation  of  this  compound  in  the 
soil,  and  the  subsequent  conveyance  of  it  into  the  circulation  of  the  plant, 
can  be  regarded  as  the  special  purpose  for  which  acetic  acid  is  so  gene- 
rally produced  during  germination. 

3^.  Tbe  early  sap  of  the  young  shoot  is  sweet ;  it  contains  grape  su- 
gar. This  sugar  is  also  derived  from  the  starch  of  the  seed.  Being 
rendered  soluble  by  the  diastase  formed  at  the  base  of  the  germ,  the 
starch  is  gradually  converted  into  grape  sugar  as  it  ascends.  The  rela- 
tion between  these  two  compounds  has  been  already  pointed  out. 

Starch =Ci3U,,Oto 

Grape  Sugar  .  .  .  =C,sHi2  0ia 

Difference   .    .    .     .    =  Ha    O2;  or  the  ele- 

ments of  two  atoms  of  water.    The  water  which  is  imbibed  by  the  seed 
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from  the  soil,  forms  an  abundant  source  from  which  the  whole  of  the 
starch,  rendered  soluble  by  the  diastase,  cau  be  supplied  with  the  ele- 
ments of  the  two  atoms  of  water  which  are  necessary  to  its  subsequent 
conversion  into  grape  sugar 

4^.  The  diastase  is  formed  when  the  seed  benns  to  sproot^  at  the  ex- 
pense of  the  gluten  or  vegetable  albumen  of  the  seed,  but  as  its  true 
constitution  is  not  yet  known,  we  cannot  explain  the  exact  chemical 
changes  by  which  its  production  is  effected. 

5°.  When  the  true  leaf  becomes  expanded,  true  wood  first  appears 
in  sensible  (]uantiiy.  By  what  action  of  the  8un*s  rays  upon  the  leaf 
the  sugar  already  in  solution  in  the  sap  is  converted  into  woody  fibre, 
we  cannot  explain.  The  conversion  itself  is  in  apptarance  simple 
enough,  since 

Grapr  SuoAR    .    .    .    =Ci,  Hi,  Oi2f  and 
WOODT  FlBRK    .      .     .     =CiaU«     O, 

Difference  .  .  .  .  =  H4  O4 ;  or  the  former 
must  part  with  the  elements  of  four  atoms  of  water  only,  to  be  prepared 
for  its  change  into  the  latter.  But  the  true  nature  of  the  moUetdar* 
change  by  which  this  transformation  is  brought  about,  as  well  as  the 
causes  which  lead  to  it  and  the  immediate  instruments  by  which  it  is 
effected,  are  all  still  mysterious. 

§  2.  Of  the  tkemical  chanties  which  take  place  from  the  formation  of  du 
true  leaf  to  the  expansion  of  the  flower. 

When  the  true  leaf  is  formed  the  plant  has  entered  upon  a  new  stage 
of  its  existence.  Up  to  this  time  it  is  nourished  almost  solely  by  the 
food  contained  in  the  seed,— it  henceforth  derives  its  sustenance  from  the 
air  and  from  the  soil.  The  apparent  mode  of  growth  is  the  same,  the 
stem  shoots  upwards, ^he  roots  descend,  and  they  consist  essentially  of 
the  same  chemical  substances,  hut  they  are  no  longer  formed  at  the  ex- 
pense of  the  starch  of  the  seed,  and  the  chemical  changes  of  which  they 
are  the  result  are  entirely  different. 

1^.  The  leaf  absorbs  carbonic  acid  in  the  sunshine,  and  gives  off  ox- 
ygen in  equal  bulk.f  It  is  in  the  light  of  the  sun  that  plants  increase  in 
size— their  growth,  therefore,  is  intimately  connected  with  this  absorp- 
tion of  carbonic  acid. 

If  carbonic  acid  be  absorbed  by  the  leaf  and  the  whole  of  its  oxygen 
given  off  asain,t  carbon  alone  is  added  to  the  plant  by  this  function  of 
the  leaf.  But  it  is  added  in  the  presence  of  the  water  of  the  sap,  and 
thus  is  enabled  by  uniting  with  it  to  form,  as  it  may  he  directed^  or  as 
may  be  necessary,  any  one  of  those  numerous  compounds  which  may 

*  AJl  bodies  are  mppoted  to  cniuUt  of  (Mrtielw  orino(«ni<et orexccediog  mlnutenMi, 
and  All  chemical  chanfee  which  take  place  in  ihe  same  maas  or  maUer  are  auppoaed  to  be 
owing  to  the  dtfft^rent  waja  iti  which  these  fmrtielea  arranite  themaelrea.  We  biay  fonn  a 
romoto  idea  of  Uie  way  In  which  didbrentpMlttona  of  the  aame  particlet  may  prodace  dif- 
ferent subetancea,  by  cooaidering  how  diOerent  fifures  in  Mosaic  may  be  jprodacod  by  daf- 
fereot  arrangements  uf  the  same  numt>er  of  equal  and  similar  frafinents  orrarious  eoioors. 

t  Sdoh  is  sensiAfy  Ihe  restilt  ol  exp«rimetit.  How  far  Uiia  result  can  be  coosidered  as  udI- 
Tenally  uve,  will  be  examinetl  hereafter 

t  It  will  be  rccoUeeteti  Uiat  cartMMiic  acid  conlains  its  own  hoik  of  oxygen  gas :  if,  therefbrs, 
the  leaf  give  off  the  same  built  of  oxyfan  aa  it  absorbs  of  carbooic  add,  the  result  moat  ba  as 
staled  in  the  texL 
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be  represented  hy  carbon  and  water,  (p.  llli)  and  of  which,  as  we  have 
seen,  the  solid  parts  of  plants  are  chiefly  made  up. 

There  are  two  ways  in  which  we  may  suppose  the  oxygen  given  off 
hy  the  leaf  to  be  set  free,  and  the  starch,  sugar,  and  gum,  to  be  subse- 
iquently  formed. 

A.  The  action  of  light  on  the  leaf  of  the  plant  may  directly  decompote 
iSie  carbonic  add  after  it  has  been  absorbed,  and  cause  the  oxyen  to  sep^ 
arate  from  the  carbon,  and  escape  into  the  air ;— while  at  the  same  in- 
stant the  carbon  thus  set  free,  may  unite  with  the  water  of  the  sap  in 
different  proportions,  so  as  to  produce  either  sugar,  gum,  or  starch. 
Suppose  12  atoms  of  carbonic  acid  (12  CO3)  to  be  thus  decomposed,  and 
their  carbon  to  unite  with  10  of  water  (10  BO),  we  should  have 

from  12  of  Carboi«ic  Acid  .  =  Cj^  « 

which  united  to  10  of  Water     .    .    .=  Hje  Oi, 

would  give  1  of  Gum  or  of  Cane  Sugar  =  C^a  Hjo  O,o 
while  24  of  oxygen  would  be  given  off,  the  ^chole  of  which  would  have 
been  derived  from  the  carbonic  acid  absorbed  by  the  plant. 

B.  Or  the  action  of  the  sun's  rays  may  be  directed,  in  the  leaf,  to  the 
decomposition^  not  of  carbonic  acid,  but  of  the  water  of  the  sap.  The  oxy- 
gen of  the  water  may  be  separated  from  the  hydrogen,  while  at  the  same 
instant  the  latter  element  (hydrogen)  may  unite  with  the  carbonic  acid 
to  produce  the  sugar  or  starch.  The  result  here  is  the  same  as  befinre, 
but  the  motle  in  which  it  Is  brought  about  is  very  differently  represented, 
and  appears  much  more  complicated.  Thus,  suppose  24  of  water 
(24  HO)  to  be  decomposed,  and  to  give  off* their  oxygen  into  the  air,  24  of 
oxyffen  would  be  evolved  as  in  the  former  case,  the  wliole  of  u?^tc4  would 
be  derived  fr(m.  the  decomposition  of  water,  while  there  would  remain 

24  of  Hydrogen  .    .  =  H  4 

Let  this  act  on  12  of  Carbonic  Acid  =  Cu  O^^ 

and  we  have  as  the  result C12  ^st4  O24; 

Search,  Ac.  Water. 

or  Ci,  Hi„  0,0  +  14  HO. 

According  to  this  mode  of  representing  the  chemical  changes,  water  is 
first  decomposed  and  its  oxygen  evolved,  then  its  hydrogen  again  com- 
bines with  the  carbon  and  oxygen  of  the  carbonic  acid,  and  forming  two 
pfoduoCB-^water  and  sugar  or  staich.  This  view  is  not  only  more  com- 
plicated, bnt  it  supposes  the  same  action  of  light  to  be— continually,  at 
the  same  time,  and  in  the  same  circumstances — ^both  decomposing  wa- 
ter and  re-ihrming  it  from  its  elements.  While,  therefore,  there  can  be 
no  doubt,  for  other  reasons  i)ot  necessary  to  be  stated  in  this  place,  that 
the  light  of  the  sun  really  does  decompose  water  in  the  leaves  of  plants* 
and  mare  in  some  than  in  others— yet  it  appears  probable  that  the  oxygen 
evolved  by  the  leaf  is  derived  in  a  great  measure  from  the  carbonic  acid 
irbich  is  absorbed;  and  that  the  principal  part  of  the  solid  substance  of 
living  vegetables,  in  so  far  at  least  as  it  is  derived  from  the  air,  is  pro- 
duced by  the  union  of  the  carbon  of  this  acid  virith  the  elements  of  the 
water  in  the  sap.* 

*  I  MwhC  not  to  MM  nnoCieed  the  opialon  of  ParMs  (CkmntB  Moieeuiaire\  that  ths 


136  18  CA&BOVIC  ACID  ABSORBED  FBOM  THE  SOIL  7 

We  have  seen  reason  to  conclude  (p.  63)  that,  while  plants  derivo 
much  of  their  sustenance  from  the  air,  they  are  also  fed  more  or  less 
abundantly  by  the  soil  in  which  they  grow.  FrooQ  this  soil  they  ob- 
tain through  their  roots  the  carbonic  acid  which  is  continually  given  off 
by  the  decaying  vegetable  matter  it  contains.  This  carbgnic  acid  will 
ascend  to  the  leaf,  and  will  there  undergo  decomposition  along  with  that 
which  is  absorbed  by  the  leaf  kself.  At  least  we  know  of  no  function 
of  the  root  or  stem  by  which  the  carbonic  acid  derived  from  the  soil  oao 
be  decomposed  and  deprived  of  its  oxygen  before  it  reaches  the  leaf. 

It  is  distinctly  stated,  indeed,  by  Sprengel,  [see  above,  p.  92,]  that 
when  the  roots  of  a  plant  are  in  the  presence  of  carbonic  acid,  the  oxy- 
gen given  off  by  the  leaf  is  greater  in  bulk  thau  the  carbonic  acid  ab- 
sorbed. But  there  is  one  observation  in  connection  with  this  point  which 
it  seems  to  me  of  importance  to  make.  The  leaves  supply  carbon  to 
the  plant  only  in  the  form  of  carbonic  acid,  and  they  give  ofifa  bulk  of 
oxygen  gas  not  exceeding  that  of  the  acid  taken  in,  [^ee  note,  below.1 
But  if  the  carbon  derived  from  the  soil  be  also  absorbed  in  the  form  or 
carbonic  acid,  and  if  the  oxygen  contained  in  this  portion  of  acid  is  also 
given  oflTby  the  leaf— either  the  quantity  drawn  from  the  soil  must  be 
small,  compared  with  that  inhaled  from  the  air,  or  the  oxygen  given  off 
by  the  leaf  must,  in  the  ordinary  course  of  vegetation,  be  sensibly  great* 
er  than  the  bulk  of  the  carbonic  acid  which  it  absorbs. 

We  are  too  little  familiar  with  the  chemical  functions  of  the  several 
parts  of  plants  to  be  able  to  pronounce  a  decided  opinion  on  this  poiQt; 
but  it  appears  evident  that  one  or  other  of  the  three  following  conditions 
must  obtain : — 

(a).  Either  in  the  general  vegetation  of  the  globe  the  bulk  of  the  oxy-> 
gen  gas  given  off  by  the  leaf  during  the  day  must  always  be  considera- 
bly greater  than  that  of  the  carbonic  acid  absorbed  by  it;  or 

(&).  The  root  or  stem  must  have  the  power  of  decomposing  carbonic 
acid  and  of  separating  and  setting  free  its  oxygen  ;  or 

(c).  The  plant  can  derive  no  considerable  portion  of  its  carbon  from 
the  soil,  in  the  form  of  carbonic  acid. 

If  the  experiments  hitherto  made  by  the  vegetable  physiologists  be 
considered  of  so  decisive  a  character  as  to  warrant  us  in  rejecting  the 
two  former  conditions,  the  third  becomes  also  untenable. 

■try  propoitlont  ofoxff&n  and  hydnwen  derived  from  the  water  of  the  eep.  This  opiaioa 
impliea  Uiat,  lo  Ute  leaCtertwolc  aeidCCQi  )  is  decompoeed  ioto  c«rl)oiile  oxide  end  ojtj- 
gen  (CO  -f  Ox  and  that  water  Hkewise  ie  decompoeed.— the  oxjcen  produced  by  both  de- 
eompoaltiona  being  giren  off  efther  fnto  the  air  by  the  leeTee,  or  hilo  the  aoll  by  the  rooie. 
The  produocloo  oigrape  augar, therefiM'e,  afCcordiDi  to  thle hypotiieaia,  would  be  thoa  repm* 
— •  vj :—  There  are  retained,         and  glTeo  oft 

FromlSofCiBBOiito  Aeii>r=12C09   •    »    -    Cu        O13  Oia 

FlomlSorWATBB-    -^  .    BS12I10     •   •   •  Hu  Ois 


Cia  Hit  Ota  Cm 

grape  aogar 


'  or  the  24  of  oxygen  thua  given  off;  the  opinion  of  Peraos  is,  that  only  one-half  la  evolTed 
by  Uie  leaf,— and  the  principal  Act  on  whteh  his  opinion  rests  ia  that  obserred  by  De  Baiis- 
eure,  that  plaota  of  Wnea  mtnor  gave  off  by  their  leaves,  lo  his  experiments,  only  two-tbinii 
or  the  oxygen  contained  in  the  carbonic  add  they  abaorbed.  This  result  liaa  led  Benelioa 
also  to  conjecture  that  the  leavea  of  plants  do  not  retain  merely  the  carbon  of  (he  cartmnle 
acid,  but  some  compound  ofcarbon  with  oxygen,  containing  much  lesa  of  this  element  tiMm 
the  carbonic  acid  does  (TVoOS  db  GftsMis,  v.,  p.  SO).    The  principal  objection  to  this  view, 

howeTer,l8  the  quantity  of  oxygen  k  snpoosss  to  be  lejeeted  by  tlM  not.   The " 

on  which  U  is  fimnded  require  eoafinaattoa  and  extansion. 
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3^.  T^thout  dwelling  at  present  on  this  point,  the  above  considera- 
tions naay  be  regarded  as  giving  additional  Strength  or  probability  to  the 
conclusions  we  formerly  arrived  at  (p.  63)  from  other  premises — that 
the  roots,  besides  carbonic  acid,  absorb  certain  other  soluble  organic 
compounds,  which  are  always  present  in  the  soil  in  greater  or  less 
quantity,  and  that  the  plant  appropriates  and  converts  these  into  its  own 
substance.  Some  of  these  organic  compounds  may  readily,  and  by  ap- 
parently simple  changes,  be  transformed  into  the  starch  and  woody  fibre 
Of  the  living  vegetable.  The  illustration  of  this  fact  will  be  reserved 
until,  in  the  second  part  of  these  lectures,  I  come  to  treat  of  the  vegeta- 
ble portion  of  8oils«  and  of  the  chemical  nature  and  constitution  of  the 
organic  compounds  of  which  it  consists,  or  to  which  it  is  capable  of  giv- 
ing rise. 

4^.  The  chemical  changes  above  explained  (a),  show  how,  from 
carbonic  acid  and  the  elements  of  water,  sobstaoces  possessed  of  the 
elementary  constitution  of  sugar  and  gum  may,  by^the  natural  processes 
of  vegetable^  life,  obtain  the  elements  of  which  they  consist,  and  in  the 
requisite  proportions.  They  throw  no  light,  however^  upon  the  me- 
chanism by  which  these  elements  are  constrained,  as  it  were,  to  assume 
frsl  the  form  of  gum  or  sugar,  or  soluble  starch,  and  afUr%Dard$,  in 
another  part  of  the  plant,  of  insoluble  starch  and  woody  fibre. 

It  is  known  that  the  sap  deposits  starch  and  woody  fibre  in  the  stem, 
only  in  its  descent  from  the  leaf,^-and  it  is,  therefore,  inferred  that  the 
action  of  light  upon  the  sap,  as  it  passes  through  the  green  parts,  is  ne- 
cessary to  dispose  the  elements  to  arrange  themselves  in  the  form  of 
vascular  fibre  ot  liguin.  And  as,  by  the  agency  of  nitric  acid,  starch 
appears  to  be  convertible  into  woody  fibre  (p.  126),  it  is  not  unlikely 
that  the  soluble  substances,  containing  nitrogen,  which  are  present  in 
the  sap  may — ^as  diastase  does  upon  starch— exercise  an  agency  in  trans* 
forming  the  soluble  sugar,  gum,  to.,  of  the  sap  into  the  insoluble  starch 
and  wa)dy  fibre  of  the  seed  and  the  stem.  We  are  here,  however,  upon 
uncertain  ground,  and  I  refrain  from  advancing  any  further  conjectures. 

Two  ereat  steps  we  have  now  made.  We  have  seen  how  the  germ 
lives  and  grows  at  the  expense  of  the  food  stored  up  in  the  seed— and 
how,  when  it  has  obtained  roots  and  leaves,  the  plant  is  enabled  to  ex- 
tract from  the  air  and  from  the  soil  such  materials  as,  in  kind  and  quan- 
tity, are  fitted  to  build  up  its  several  parts  during  its  future  growth. 
That  considerable  obscurity  still  rests  on  the  details  of  what  takes  place 
in  the  interior  of  the  plant,  does  not  detract  from  the  value  of  what  We 
have  already  been  able  to  ascertain. 

§  3.  Ontheproduetwn i>foxaUe acid  in  the  Uaoa  and  9Um$  ofplanis* 
In  the  preceding  section  we  have  studied  the  origin  of  those  snb« 
stances  only  which  form  the  chief  bulk  of  the  products  of  vegetation, 
and  which  are  characterised  by  a  chemical  constitution  of  such  a  kind 
as  enables  them  to  be  represented  by  carbon  and  water.  But  during 
the  stage  of  vegetable  growth  we  are  ix>w  considering,  other  compounds 
totally  different  in  their  natnre  are  also  produced,  and  in  some  plants  in 
sufficient  quantity  to  be  deserving  of  a  separate  consideration.  Such  is 
die  case  with  oxadic  acid. 
The  circamstaDcea  under  which  this  add  occurs  in  nature  have  al« 
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ready  been  detailed.  It  is  found  in  small  quantities  in  many  plants. 
The  poiaah  in  fbresi  trees  is  supposed  to  be  in  combination  ynih  oxalic 
acid,  while  in  the  lichens  oxalate  of  lime  serves  a  purpose  similar  to  that 
performed  by  the  woody  fibre  of  the  more  perfect  plant;  it  forms  the 
skeleton  by  which  the  vegetable  structure  is  supported^  and  tlirough 
which  its  vascular  system  is  diffused.  . 

The  production  of  this  acid  in  the  living  plant  is  readily  undemtood 
when  its  chemical  constitution  (Ca  Os)  is  compared  with  that  of  car- 
bonic acid  (COji).     For 

2  of  CAaBoific  Acid  k  Cj  O4 
1  of  Oxalic  Acid      =0,03     , 

Pifference    .    .    •    O, 

That  is  to  say,  3  of  carbonic  acid  are  transformed  into  1  of  oxalic  acid 
by  the  loss  of  1  equivalent  of  oxygen— or  generally, car 6ontc  acid  6y  the 
loss  of  one-fourth  of  its  oxygen  may  he  converted  into  oxalic  acid. 

But  the  leaf  absorbs  carbonic  acid  and  givesoflT oxygen.  In  the  lichens, 
therefore,  which  contain  so  much  oxalic  acid,  a  large  portion  of  the  car- 
bonic acid  absorbed  is,  by  the  action  of  light,  deprived  of  only  one- fourth 
of  its  oxygeu,  and  is  thus  changed  into  oxalic  acid*  The  same  is  true  to 
a  smaller  extent  of  the  sfirrel  leaves  and  stems,  which  owe  their  sour- 
ness to  the  presence  of  oxalic  acid-— of  the  leaves  and  stems  of  rhubarb 
also— in  a  still  smaller  degree  of  the  beech  and  other  large  trees,  in 
which  much  potash,  and  probably  also  of  marine  plants,  in  which 
much  soda  is  found  to  exist.  It  must  be  owing  to  the  peculiar  structure 
of  the  leaves  of  each  genus  or  natural  order  of  plants,  that  the  same  ac- 
tion of  the  same  light  decomposes  the  carbonic  acid  in  diifereni  degrees 
^-evolving  in  some  a  less  proportion  of  its  oxygen,  and  causing  in  such 
plants  the  formation  of  a  larger  quantity  of  oxalic  acid. 

The  fact  of  the  production  of  this  oxalic  acid,  to  a  very  considerable 
amount  in  many  plants,  is  a  further  proof  of  the  uncertainty  of  those 
experiments  from  which  pliysiulogists  have  concluded  that  the  leaves 
of  plants  emit  a  bulk  of  oxygen  sensibly  equal  to  that  of  the  carbonic 
acid  absorbed.* 

I  have  referred  the  production  of  more  or  less  oxalic  acid  in  different 
plants  to  the  s|)ecial  structure  of  each,  and  this  must  be  true,  where,  in 
the  same  circumstances,  different  results  of  this  kind  are  observed  10 
take  place— «8  where  sorrels  and  sweet  clovers  grow  side  by  side.  Yet 
the  influence  of  light  of  different  degrees  of  intensity  on  the  same  plant, 
is  beautifully  shown  by  the  leaves  of  the  Sempcrvivum  arboreum,  of  the 
Portuiaearia  ajra^  atid  other  {Plants  io4icA  are  sour  in  the  mornings  tasteitss 

*  Wero  we  p«raltued,  in  the  Absence  of  <toeltlv«  sxpsrlmsMi,  to  ttste  ■■  true  vhit  theo- 
rsUcal  coaskleraUona  plainly  iniiicaie,  we  i4vhjI(1  tav — 

P.  That  plants  coniainiiig  niucii  nx»V\c  or  uilier  aiinilar  aciits,  arid  not  deriving  much  car* 
bonle  acid  (h>in  Uie  aoil,  omat  give  oflT  from  their  leaves  a  buMc  of  okygeb  feat  Uien  thai  of  tbe 
carbonic  acid  absorbed. 

2°.  That  plants  containing  do  sensible  qnantitj  of  mxth  acids,  nor  fed  hj  carbooic  add 
Trom  the  soil,  may  evolve  oxygen  eensibty  equal  in  bulk  to  the  caftanic  add  absorbed. 

8^.  That  if  ihile  of  these  acids  be  preaeof,  and  nnch  eaibonlc  acid  be  absorbed  frsm  tha 
•oU,  the  volume  of  oxygen  liven  oflf  by  the  green  parts  of  Ihe  plant  most  be  seoaibly  greattt 
than  that  of  the  carbonic  acid  they  atMorb. 

4^.  That  the  leaves  of  the  pines  and  other  trees  conuihiog  raach  torpenHne  to  wiiWi 
hydrogen  ts  io  excesa^most  at  all  Umf^cive  offoxygea  in  gnater  bulk  than  the  eaibonie 
tcid  ihey  abaotb.  Thsy  muM  decompoaa  #dMr  as  wSlI  ila  carbonic  fecM,  and  svtftfa  lbs 
okyf«BQfboth.  ' 
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tn  the  middle  of  the  day,  and  bitter  in  the  0Pemfi^.-~[SpreQge  ,  6%«mte» 
II.,  p.  321 .]  DuriDg  ifaie  nigbt  ihe  olygen  has  accuniuUied  ia  these  planit 
and  formed  acide  cootainiog  oxygen  in  exceM  (p«  127.)  As  the  day  ad* 
THOces  this  oxygen  is  given  off;  under  the  influence  of  light  the  acids  art 
decomposed,  and  the  sourness  disappears. 

Ia  the  juices  of  plants  befiMre  the  period  of  flowerioff,  otiier  acids  are 
met  with  besides  the  otahc  acid,  though  in  much  smaller  quantity.  As 
the  most  important  of  these,  however,  occur  more  abundantly  in  froitSi 
we  shall  consider  the  theory  of  their  formation  in  ttie  following  section* 

^  4.  Of  the  chemical  changes  which  take  place  between  the  opening  of  the 
fiower  and  the  ripening  ofthefruU  or  seed* 

The  opening  of  the  flower  is  the  first  and  most  striking  step  taken  by 
the  plant  towards  the  production  of  the  seed  by  which  its  species  is  to  be 
perpetuated.  That  at  this  period  a  new  series  of  chemical  changes  oom« 
tnences  in  the  plant  is  obvious  from  the  following  facts :— • 

1^.  That  the  flower  leaves  absorb  oxygen  and  emit  carbonic  acid  both 
by  day*  and  by  night  (p.  95.) 

2^.  That  the^r  tdso  occasionally  emit  pure  nitrogen  gas. 

3^.  That  the  juice  of  the  maple  ceases  to  be  sweet  when  the  flowers 
are  matured  (Liebig,)  and  that,  in  the  sugar  cane  and  beetroot,  the  sugar 
becomes  less  abundant  when  the  plant  has  begun  to  blossom. 

These  facts  sufliciently  indicate  the  commencement  of  new  changes 
in  the  interior  of  plants  at  this  period  of  iheir  growth.  That  such  changes 
go  on  until  the  ripening  of  the  seed  is  also  evident  firom  these  further  ob- 
seiTarions:— • 

1^.  That  the  husk  of  the  future  seed,  as  in  the  corn-bearing  grasses 
(wheat,  oats,  &c.,)  is  filled  at  first  with  a  milky  liquid,  wiiich  becomes 
gradually  sweeter  and  more  dense,  and  finally  consolidates  into  a  mix- 
ture of  starch  and  gluten,  such  as  is  presented  by  the  flour  of  different 
species  of  com. 

2^.  That  the  fruit  in  which  the  seeds  of  many  plants  is  enveloped  is 
at  first  tasteless,  afterwards  more  or  less  sour,  and  finally  sweet.  In  a 
few  fruits  only,  as  in  the  lime,  the  lemon,  and  the  tamarind,  does  a  suf* 
ficient  quantity  of  acid  remain  to  be  sensible  to  the  taste,  when  tbe  seed 
has  become  perfectly  ripe.  The  acid  and  cellular  fibre  hoth  diminish 
while  tbe  sugar  increases. 

X^.  That  fruits,  while  green,  act  upon  the  air  like  the  green  leaves  and 
twigs— but  that,  as  they  approach  maturity,  they  also  absorb  or  retain 
nygco  gas  (De  Saussure.)  The  same  absorption  of  oxygen  takes  place 
when  unripe  fruits  are  plucked  and  left  to  ripen  ia  the  air  (Berard.) 
After  a  time  the  latter  also  emit  carbonic  acid. 

I. — FORMATION  OF  TttE  SEEn. 

tn  tbe  case  of  wheat,  barley,  or  other  plants,  which  yield  farinaceous 
aeeds,  we  have  seen  that  previoas  to  flowering  the  chief  energy  of  tbe 
living  plant  is  expended  in  the  production  of  the  woody  fibre  of  which 
its  stem  and  growing  branches  mainly  consist  (  and  we  have  aljBo  been 
able  to  understand,  in  some  decree,  now  this  woody  fibre  is  produced 
liofn  the  ordiqary  food  of  the  jHant.    When  the  flower  expands,  bow* 

*  By  dfty  the  absorptioo  It  the  grestar,  Imt  ths  balk  of  the  osjgm  taksn  la  is  ahniys 
pnMr  Um  Ibitof  the  CHbooie  Mid  gtvsn  eC 
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ever,  the  plant  has  in  general,  and  especially  if  an  annual  plant,  reached 
dearly  to  maturity,  and  '^oody  fibre  is  little  required.  The  roost  im- 
portant oflts  remaining  fonctioos  is  the  production  of  the  starch  and  glu- 
ten of  the  seed,  and  of  lite  sobstanoes  which  form  the  husk  by  which  the 
seed  is  enveloped. 

In  the  first  stages  of  the  plant's  growth,  the  starch  of  the  seed  is 
transformed  into  gum  and  so^,  and  subsequently,  when  the  leaves  are 
expanded,  into  woody  fibre.  In  the  last  stages  of  its  eaistence,  wheo  it 
is  producioff  the  seed,  the  «ugar  of  the  sweet  and  milky  sap  is  gradually 
transformed  into  8tarch-*-that  is  to  say,  a  process  exactly  the  convene 
of  the  former  takes  place. 

We  are  able,  in  some  measure,  to  explain  the  mode  and  agency  bv 
which  the  former  transformation  is  effected— the  latter,  however,  is  still 
inexplicable.  We  can  ourselves,  by  the  agency  of  diastase,  transform 
starch  into  sugar ;  and,  therefore,  can  readily  believe  such  transforma* 
tions  to  be  effected  in  the  young  plant ;— 'but  we  as  yet  know  no  method 
of  r«-con verting  sugar  into  starch ;  and,  therefore,  we  oan  only  hazard 
oonjectnres  as  to  the  way  in  which  this  change  is  brought  about  in  the 
interior  of  the  plant  during  the  formation  of  the  seed. 
.  It  is  said  that  nitrogen  is  given  off*  by  the  flower  leaf.  We  know  that 
this  elenient  is  present  in  the  colouring  matter  of  the  petal,  and  that  it  is  a 
necessary  constituent  of  the  albumen  and  gluten,  which  are  always  as- 
sociated with  the  starch  of  the  seed.  It  is-pbiin,  then,  that  the  nitrogene* 
ons  substances  [substances  containing  nittogen,]  contained  in  the  sap  at 
all  periods  of  the  plant's  growth,  are  carriM  up  in  great  quantity  to  the 
flower  and  seed  vessel.  These  substances  are  supposed  to  be  concerned  as 
immediate  agents  in  effecting  the  transformations  which  there  take  places 
More  than  this,  however,  we  cannot  as  yet  venture  even  to  conjecture. 

II, — ^ftlPBNIMO  or  THIE  r&uiT.^ 

In  these  plants,  again,  which  invest  their  seed  with  a  pulpy  fruit-~in 
the  grape,  the  lemon,  the  apple,  the  plum,  &c.— other  changes  take 
place,  at  this  period,  of  a  more  intelligible  kind,  and  other  substances  are 
formed,  on  the  production  of  which  lass  obscurity  rests.  At  one  stage  of 
their  growth,  these  fruits,  as  has  been  already  stated,  are  tasteless— in  the 
next,  they  are  sour— ^in  the  third,  they  are  more  or  less  entirely  sweet* 

L  In  the  tasteless  state  they  consist  of  little  more  than  the  substance 
of  the  lea(^-^f  vascular,  or  woody  fibre,  filled  with  a  tasteless  sap,  and 
tinged  with  the  colouring  matter  of  the  green  parts  of  the  plant.  For  a 
time,  this  young  fruit  appears  to  perform  in  reference  to  the  atmosphere 
the  usual  functions  of  the  leaf^— it  absorbs  carbonic  acid  and  gives  on  oxy- 
sen,  and  thu&i  extracts  from  the  air  a  portion  of  the  food  by  which  its  growth 
IS  promoted,  and  its  size  gradually  increased. 

II.  But  after  a  time  this  fruit  becomes  sour  to  the  taste,  and  its 
acidity  gradually  increases — ^while  at  the  same  time  it  is  observed  lo 

give  off*  a  less  comparative  bulk  of  oxygen  than  before.    Let  us  const- 
er  shortly  the  theory  of  the  production  of  the  more  abundant  vegetable 
acids  contained  in  fruits. 

1®.  The  tartaric  acid  which  occurs  in  the  grape  is  represented  by 
C.Ha  O,  (p.  124). 
There  are  two  ways  in  which  we  may  suppose  this  acid  to  be  formed 
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in  the  fruit — either  directly  from  the  elements  of  carbonic  acid  and  wa- 
ter with  the  evolution  of  oxygen  gas— or  from  the  gum  and  sugar  al* 
ready  present  in  the  sap  aided  by  tbe  absorption  of  oxygen  from  the  at- 
mosphere.   Thus 

A.  4  of  Carbonic  Acid  =  C4        O, 
2  of  Water     .    .    ==        Hj  O, 

Tartaric  Acid. 

Sum    .     .    =  C4  Ha  0,0  or  C4  H,  O,  +  60. 
That  is,  one  equivalent  of  tartaric  acid  may  be  formed  from  4  of  carbon- 
ic acid  absorbed  by  the  leaf  or  fruit,  and  2  of  tfie  water  of  the  sap,  while 
5  of  oxygen  are  at  the  same  time  given  off  by  the  leaf.    Or, 

B.  If  (i&ape  Sugar  be  C^  Hj,  O,, 

J  of  Grape  StJOAR  =  C4    H3    O, 

SofOXTOEN    .      .      =  O3 

Tartaric  Acid.        Water. 

Sum     .    .    =  C4    Hs    Oo    or  C4  H,  O,  -f  HO.    ' 
That  18,  by  the  absorption  from  the  air  of  a  quantity  of  oxygen  equal  to 
tbat  which  it  already  contains,  grape  sugar  may  be  converted  into  tar- 
taric acid  and  water. 

In  the  sorrels  and  other  sour-leaved  plants,  which  contain  tartaric  acid 
in  their  general  sap,  the  acid  may  be  formed  by  either  of  the  processes 
above  explained.  In  tbe  sunshine  their  green  parts  absorb  carbonic 
acid  and  evolve  oxygen.  If  any  of  these  green  parts  give  off  only  |  of 
the  oxygen  contained  in  the  carbonic  acid  they  drink  in,  tartaric  acid 
may  be  produced  (A.)  In  the  dark  they  absorb  oxygen  and  give  off 
carbonic  acid.  If  the  bulk  of  this  latter  gas  which  escapes  be  less  than 
that  of  the  oxygen  which  enters,  a  portion  of  the  sugar  or  gum  of  the 
sap  may,  ns  above  explained  (B.),  be  converted  into  tartaric  acid. 

We  have  as  yet  no  experiments  which  enable  us  to  say  by  which  of 
these  modes  the  tartaric  acid  is  really  produced  in  such  plants— or 
whether  it  may  not  occasionally  be  compounded  by  both  methods. 

In  green  fruits  also,  in  the  sour  grape  for  example,  it  may,  in  like 
manner,  be  produced  by  either  method.  The  only  experiments  we  yet 
possess,  those  of  De  Saussure,  thoush  not  sufficient  to  decide  the  }X)int, 
aro  in  favour  of  the  former  explanation  (A.)  In  the  estimation  of  this 
philosopher,  the  proportion  of  the  oxygen  of  the  carbonic  acid  which  is 
retained  by  the  fruit,  is  sufficient  to  account  for  the  acidity  it  gradually 
acquires.  \ 

52«>.  Malic  and  citric  acids. — These  acids  are  represented  (p.  127)  by 
ttie  common  formul«  C4  Hj  O4.  They  may  be  produced  from  water 
and  carbonic  acid,  if  three-fourths  only  of  the  oxygen  of  the  latter  be 
given  off.     Thus 

4  of  Carbonic  Acid  =  C4        O^ 
2  of  Water      .    .    =        Ha  Oo 

Malic  Add. 

Sam      .    .    =  C4  H,  0,»  =  C4  H^  O4  +  60. 

That  such  a  retention  of  one-fourth  of  the  oxygen  of  the  carbonic  acid 
oceasionaliy  takes  place  in  the  green  fruit,  is  consistent  with  tbe  obser- 
vaiions  of  De  Sauasure.  The  lime  and  the  lemon  are  firuits  on  which 
the  roost  satisfactory  experiments  might  be  made  with  the  view  of  fi- 
nally determining  this  point. 

7 


I4d  CONVERSION    or   ACIP8    INTO  flOOAft. 

in.  Thts  fonnadon  of  acid  proceeds  for  a  certain  time,  the  fruit  be- 
coming sourer  and  sourer ;  ibe  acidity  thea  begins  to  dimiaish,  sugar  is 
formed,  and  the  fruit  ripens.  The  acid  rarely  disappears  entirely,  even 
from  the  sweetest  fruits,  until  they  begin  to  decay ;  a  considerable  por- 
tion of  it,  however,  must  be  converted  into  grape  sugar,  as  the  fruit  ap* 
proaches  to  maturity.  This  conversion  may  take  place  in  either  of  two 
ways. 

*  1^.  By  the  direct  evolution  of  the  excess  of  oxygen*    Thus 
3  of  Tartaric  Acid  =  Cja  H^    O,, 
If  of  Water   .     .    .  =  He    O, 

'■  Onpe  8agw. 

Sum  .     .     .  =  C,3  Hi,  Oa,  ==  Ci,  H,a  O,,  -f   90. 

» ^.     ■   / 

Or  grape  sugar  may  be  formed  from  3  of  tartaric  acid  and  6  of  the  water 
of  the  sap,  by  the  evolution,  at  the  same  time,  of  9  of  oxygen.  Ciiric 
and  malic  acids,  in  the  same  proportion,  would  form  grape  sugar  by  the 
evolution  of  6  of  oxygen  only. 

Do  fruitSv  when  they  have  reached  their  sourest  state,  begin  thas  to 
give  off  an  excess  of  oxygen  ?  I  know  of  no  experimenu  which  as  yet 
decide  the  point. 

2^^.  By  the  absorption  of  oxygen  and  the  evolution  of  carbonic  acid. 
Thus  in  the  case  of  tartaric  acid, 
1  of  Tartaric  Acid  =  C4  Hj  O5 
1  of  OXTOEN  .     .     .  =  O, 

■         j^thorGmpo      CurboDie 

Busar.  Acid. 

Sum  .     .     .  =  C4  H3  Oe  =  Ca  Ha  O3  +  2  00^^ 
Where  one  of  oxygen  is  absorbed  and  two  of  carbonic  acid  given  oflf. 
Or  in  the  case  of  the  malic  and  citric  acids, 
1  of  Malic  Acid  =  C4  Hj  O4 

3  of  OXTOEN  .      .  =  O3 

^th  of  Grape        Carbooie 
Add. 


Sum  .     .  =  C4  H,  Oa    =  C,  Ha  Oa  +  2  CO^ 

Where  2  of  oxygen  are  absorbed  and  2  of  carbonic  acid  given  on. 

We  know  from  the  experiments  of  Berard  that,  when  unripe  frails 
are  plucked,  they  do  not  ripen  if  excluded  from  the  access  of  oxygen 
ga»-.but  that  in  the  air  the^r  ripen,  absorbinc;  oxygen  at  the  same  time, 
and  giving  off  carbonic  acid.  This  second  method  (2°)  therefore  ex- 
hibits  the  more  probable  theory  of  the  ripening  of  fruits  aJUt  (hey  are 
plucked ;  and  i^-^-as  they  become  coloured — fruits  imitate  the  petals  of 
the  flower  in  absorbing  oxygen  from  the  air  and  givine  off  carbonic  acid, 
it  will  also  represent  the  changes  which  take  place  when  they  are  per- 
mitted to  ripen  on  the  tree. 

Durina  the  ripening  of  the  fruit,  it  has  been  stated  that  the  woody  or 
cellular  fibre  it  contains  gradually  diminishes,  and  is  converted  into  sa- 

[ar..   This  is  familiarly  noticed  in  some  species  of  hard  or  winter  pears. 

n  sour  fruit,  the  cellular  fibre  seldom  exceeds  2|  per  cent,  of  their 
whole  weight  ;^n  ripe  fruits,  however,  it  is  still  less,  and^  as  the  con- 
stitution ofthis  substance  is  so  aualogous  to  that  of  grape  sugar,  there  it 
no  difficulty  in  understanding  that  it  may  be  readily  converted  into  the 
latter,  though  the  immediate  agency  by  which  tiie  translbrmation  is 
eflected  is  as  yet  unknown  to  us. 


fi 


the /hit  and  $eed. 
"When  the  seed  is  fully  ripe,  the  functions  of- annual  plants  are  dis- 
charged.    They  no  longer  inquire  to  absorb  and  decompose  carbonic 
acid,  for  their  growth  is  at  an  end%    Their  leaves  begin,  therefore,  to 
take  in  oxygen  only,  become  yellow,  and  prepare  along  with  the  entira 
beii 


pfani,  for  being  finally  resolved  aeain  into  those  more  elementary  sub- 
stances from  which  they  were  originally  compounded. 

On  trees  and  perennial  plants,  nowevef,  a  further  labour  is  imposed. 
In  the  rinened  seed  they  havf  deposited  a  supply  of  food  sufficient  to 
sustain  tne  germ  that  may  spring  froifi  it,  until  it  is  able  to  seek  food  for 
itself;  but  the  young  buds  already  formed, — and  which  are  to  shoot  out 
from  the  stem  and  branches  in  the  ensuing  spring,— are  in  reality  so 
many  young  plants  for  which  a  store  of  fcxxi  has  yet  to  be  laid  up  in  the 
inner  bark,  and  in  the  wood  of  the  tree  or  shrub  itself. 

In  the  autumn,  the  sap  of  trees  and  permanent  shrubs  continues  to 
flow  rapidly  till  the  leaf  withers  and  falls,  and  the  food  of  the  plant  is 
convened  partly  into  woody  fibre^  as  was  the  case  during  the  earlier 
period  of  tne  year,  and  partly  into  starch.  The  former  Is  deposited  be- 
neath the  inner  bark  to  form  the  new  layer  of  wood  by  which  the  tree  is 
annually  enlarged ;  the  latier-»partly  m  the  same  locality,  as  in  the 
birch  and  pine— partly  throughout  the  substance  of  the  wood  itself,  as  in 
the  willow — while  in  the  palm  trees  and  cycadeas,  it  is  intermingled 
with  the  central  pith.  The  chemical  changes  by  which  the  food  is  ca- 
pable of  being  convened  into  these  substances  have  already  been  con- 
sidered. They  pnKeed  during  the  entire  autumn,  do  not  cease  so  long 
as  the  sap  continues  to  move,  and  even  in  the  depth  of  winter  slowly  and 
silently  operate  in  storing  up  farinaceous  matter— in  readuiess,  like  the 
starch  in  the  seed,  to  minister  to  the  noorishment  of  the  young  bud,  when 
the  warmth  of  the  coniing  spring  shall  awaken  it  from  its  long  sleep. 

^6.  Of  the  rapidity  with  iMck  tiieee  changes  take  place^  and  the 
citcuin»iances  fry  tokkh  they  are  promoted. 

But  remarkable  as  those  chemical  changes  are,  the  rapidity  with 
which  they  sometimes  take  place  is  no  less  surprising. 

From  carbonic  acid  and  water  we  have  seen  that  the  plant,  by  very 
Intelligible  processes,  can  extract  the  elements  of  which  its  most  bulky 
parts  consist— and  can  build  them  up  intnany  varied  ways,  most  of  whicn 
are  probably  beyond  the  reach  of  imitation.  But  who  can  understand  or 
explain  the  extraordinary  acdvity  which  pervades  the  entire  vascular 
,  system  of  the  plant,  when  circumstances  are  favourable  to  its  growth! 

A  stalk  of  wheat  has  been  observed  to  shoot  up  three  inches  in  as 
many  days,  of  barley  six  inches  in  the  same  time,  and  a  vine  twig 
almost  two  feet,  or  eight  inches  a  day  (Du  Hamel).  Cucumbers  have 
been  knowrr  to  acquire  a  length  of  twenty-four  incnes  ill  six  days^  and 
in  tbe  Botanic  Garden  at  Brussels  I  was  shown  a  bamboo  five  inches  in 
diameter,  which  had  increased  in  height  nine  fbet  in  twenty-seven  days, 
sometimes  making  a  progBsss  of  six  to  ei^ht  inches  in  a  day.  In  our 
climate  we  meet  with  few  illustrations  of  the  rapidity  with  which  plants 
are  capable  of  springing  up  in  the  most  tkvourable  circumstances,  and 
the  above  examples  probably  give  tis  only  an  imperfect  idea  of  the  ve- 
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locity  with  wfakh  the  bamboo^  the  palm,  the  tree  fero*  and  other  i 
lar  plants,  may  grow  in  their  aatiTo  soil  and  climate.  And  with  what 
numerous  and  complicated  chemical  changes  is  the  productiooof  eveiy 
grain  of  the  subetance  of  these  plffnts  attended — bow  rapidly  must  tli^ 
food  be  selected  and  absorbed  (torn,  the  air  and  ffoai  the  wil— how 
quickly  transformed  and  assimilated  I 

The  long  period  of  time  duHng  which,  year  after  year,  these  clianges 
"znay  proceed  in  the  same  living  vessels,  or  in  the  same  tree,  i»  no  lesa 
wonderful.  Oaks  have  lived  to  aD  age  of  1500  or  2000  years^yew 
trees  to  SfOOO  years— and  other  species  are  meniioaed  as  having  flour- 
ished from  4500  to  0000  years ;  vhile  e%en  a  living  rose  tree  [rosa 
eamna\  is  quoted  by  Sprengel  as  being  already  upwards  of  1000  yeara 
old. — LSprengel,  Lehre  wm  D^higer,  p.  70.] 

The  rapidity  of  the  growth  of  a  plant,  and  the  length  of  its  life,  are 
equally  affected  by  circuaistaDces.  On  a  knowledge  of  these  circom- 
stances,  and  of  the  means  of  contiolling  or  qf  jiroducing  them,  the  ea- 
lightened  practice  of  agriculture  is  almost  entirely  dependeat. 

Over  the  natural  conditions  on  which  vegetation  in  general  dependa, 
we  can  exercise  little  control.  By  hedge-rows  and  plantations  we  can 
shelter  exposed  lands,  but,  except  is  oar  cooscrvatories  and  hot-houses^ 
the  plants  we  can  expect  to  cultivate  with  profit  will  always  be  deter- 
mined by  the  general  elinMite  in  wMcb  we  live.  So  the  distribution  of 
rain  and  sunshine  are  beyond  our  control,  aad  though  it  is  ascertained 
that  a  thundery  condition  of  the  atmosphere  is  remarkably  (avoorable  to 
vegetable  growth,  [Sprengel,  Lehrt  vom  Dtinger^  p.  73],  we  cannot 
hope  that  such  a  state  of  the  air  will  ever  be  induced  at  the  pleasure  or 
by  the  agency  of  man.  But  under  the  same  natural  conditions  of  cli- 
mate, tliere  are  many  artificial  methods  by  the  use  of  which  it  is  wiihlo 
our  power  to  accelerate  the  growth,  and  to  increase  tlie  produce,  of  the 
most  valuable  objects  of  ordina^  culture. 

Thus  the  germination  of  see(is  in  general  is  hastened  by  watering  with 
a  solutioD  of  chlorine  (Davy),  or  of  kxliae  or  bromine  JtBleogiiM),  aad 
Davy  found  that  radish  seed  which  gemaioated  in  two  days  when  wa- 
ered  with  soluiioas  of  chlorine  or  sulphate  of  iron,  required  three  when 
watered  with  very  dilute  mtric  acid,  and  &re  with  a  weak  solutioD  of 
sulphuric  acid. 

it  is  familiarly  knowir  also  in  ordinary  hnsbandry,  that  the  applica- 
tion of  manures  hastens  in  a  similar  decree  the  development  of  all  the 
parts  of  plants  during  every  period  of  their  growth— and  largely  increase* 
Ihe  return  of  seed  obtained  from  the  cultivated  grains.  Ammonia  anil 
its  compounds  likewise,  and  Dxtric  acid  and  its  compounds,  with  many 
other  saline  substances  existing  in  the  mineral  kingdom  and  occurring  ia 
soils,  or  which  are  produced  largely  in  our  manufactories,  have  beeo 
found  to  produce  similar  efiects. 

It  would  be  out* of  place  here  to  enter  upon  the  important  and  interest- 
ing field  opened  up  to  us  by  a  consideration  of  the  influence  exercised 
by  these  and  other  substances,  in  modifying  both  in  kind  and  in  degree  the 
chemical  changes  which  take  place  in  uviog  vegetables.  The  true  mode 
of  action  of  such  substancea*— their  precise  eflects— the  circumstancea 
<tinder  wh!ch  these  efiects  are  most  certainly  produced — and  the  theoreti- 
cal views  on  which  they  can  be  best  accounted  for— >will  form  a  subject  of 
apecial  and  detailed  examination  In  the  third  part  of  the  present  lectures. 
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LECTURE  Vni. 

How  (he  rapplf  of  food  for  plants  is  kept  up  In  the  geDenlvefetatloo  of  the  glohe.— Propor- 
tfon  of  their  food  drawn  b?  plants  from  the  alr.-Snpphrof  eaniuole  acid.-«Boppl7ofamnio- 
■la  and  nltrio  aold.^-Prodactloa  of  teth  la  luMre.— Theery  of  tlMis  Mtioa  on  living  vegA- 
tablM.— CoBctudittg  otMerralions. 

Havino  shown  in  the  preceding  Lecture  in  what  way,  and  by  what 
chemical  changes,  the  substaoces  of  which  plants  chiefly  consist  may 
be  produced  from  those  on  which  they  live,— there  remains  only  one 
funher  subject  of  inquiry  in  connection  with  the  organic  constituents  of 
plants. 

Plants,  as  we  Have  already  seen,  derive  much  of  their  sustenance  from 
the  carbonic  acid  of  the  atmosphere ;  yet  of  this  gas  the  air  contains  onl^ 
a  very  small  fraction,  and  in  so  far  as  experiments  have  yet  gone,  this 
fractional  quantity  ^es  not  appear  to  diminish— how,  then,  is  the  sup- 
ply of  carbonic  acid  kept  up  7 

Again,  plants  most  probaoly  obtain  much  of  their  nitrogen  either  from 
ammonia  or  from  nitnc  acid  ;  and  yet,  neither  in  the  soil  nor  in  the  air 
do  these  compounds  permanently  exist  in  any  notable  quantity,— whence 
,  then  is  the  supply  of  these  substances  brought  within  the  reacn  of  plants  ? 

The  importance  of  these  two  questions  will  appear  more  distinctly,  if 
we  endeavour  to  estimate  how  much  of  their  carbon  plants  really  draw 
pom  the  atmosphere— and  how  much  of  the  nitrogen  they  contain  must 
he  derived  from  sources  not  bttheno  pointed  ouL 

^l.  Cf  the  proporHon  of  their  earhon  which  pUuUe  derive  from  the 
atmosphere. 

On  this  subject  it  is  perhaps  impossible  to  obtain  perfectly  accurate 
results.  Several  series  of  experiments,  however,  have  been  published^ 
which  enable  Us  to  arrive  at  rery  useful  approximations  in  regard  to  the 
proportion  of  their  carbon  which  plants,  growing  in  a  soil  of  ordinary 
fenility,  and  in  such  a  climate  as  that  of  Great  Bntain,  actually  extract 
from  the  air  by  which  they  are  surrounded. 

1^.  In  an  experiment  made  in  1824,  upon  common  borage  (Borago 
officinalis),  Lampadius  (bund  that  after  a  growth  of  five  months  (from 
the  3rd  of  April  to  the  6th  of  September)  tUs  plant  produced  ten  times 
.  89  much  vegetable  matter  as  the  soil  in  which  it  grew  had  lost  during 
the  same  period.*  In  other  words,  it  had  drawn  nine-tenth*  cfiU  ear^ 
hen  from  we  air. 

2^.  The  experiments  of  Bcussingatilt  were  made,  if  not  with  more 
care,  at  least  upon  a  greater  number  of  plants,  and  were  protracted 
through  a  much  longer  period.  It  ia  necessary  that  we  should  under* 
stand  the  principle  on  which  they  were  conducted,  in  order  that  we 
may  be  prepared  to  place  confidence  in  the  d^erminations  at  which  be 
amved.  < 

*  The  ahore  experiment  may  have  been  eometlj  made,  hut  the  retnh  appears  at  ttnt 
sight  too  staxtlhig  to  be  readily  received  as  indicative  of  the  proportion  of  their  svstensaes 
4n«a  bjT  plaits  tma  the  air  t»  fte  gmtnd  vtg^tMom  rf  Ifcc  fteis. 
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If  we  were  to  examine  the  soil  of  a  field  od  which  we  are  about  to 
raise  a  crop  of  corn— and  should  find  it  to  contain  a  certain  per-centage, 
say  10  per  cent,  of  ve§etabla  raauer  (or  4  per  cent,  of  carbon) ; — and 
after  the  crop  is  raised  and  reilped  sho^M,  oh  a  second  examinaiion, 
find  it  to  contain  exactly  the  same  quantity  of  carbon  as  before^  we 
could  not  resist  the  conviction,  that,  with  the  e)iception  of  what  was 
originally  in  the  seed,  the  plant  during  its  growth  had  drawn  from  the 
air  all  the  carbon  it  contained.  The  soil  haring  tost  none,  the  air  must 
have  yidded  the  tohole  supply. 

Or  if  after  examining  tti6  soil  of  oar  field  we  mix  with  it  a  supply  of 
fhrm-yard  manure,  containing  a  known  weight,  say  one  ton  of  carboo, 
and  when  the  crop  is  reaped  lirtd  as  before  that  the  per-centage  of  vege- 
table matter  in  the  soil  has  suffered  no  diminution,*  we  arid  justifiedT in 
concluding  that  the  crop  cannot,  at  the  utmost,  have  derived  from  the 
soil  any  greater  weight  of  its  carbon  than  the  ton  contained  in  the  ma- 
nure which  had  been  added  to  it.  ^ 

Such  was  th^  principle  on  which  Boussingault^s  experiments  were 
conducted.  He  aetermined  the  per-centage  of  car^n  in  the  soil  before 
the  experiment  was  beffun— the  weight  added  in  the  form  of  manure— 
the  quantity  contained  m  the  series  of  crops  raised  during  an  entire  rota- 
tion or  course  of  cropping,  until  in  the  mode  of  culture  adopted  it  was 
usual  to  add  manure  again— ^nd  lastly,  the  proportion  of  carbon  te* 
maining  in  the  soil.  By  this  method  he  obtained  the  foUowinff  results 
in  pounds  per  English  acre,  in  three  different  courses  of  cropping,  and 
on  the  same  land : — 

Oiitee  OtrtNMi         lNfl(M«Sc«.  «lr 

in  the  in  Oprboo  derived  aMn>»M 

manure.       tbecropgi        (romUieair. 

(  The  first  was  a  5  years* 
course— of  potatoes  or 
red  beet  with  manure, 
wheat,  clover,  wheat* 
oats;  the  second  and 
most  productive  rota- 
lion  was  abandoned  on 
account  of  the  climate ; 
the  third  was  a  3  years* 
course. 

The  result  of  the  first  course  indicates  that — the  land  remaining  in 
eqaal  condition  at  the  end  of  the  four  years  as  it  was  at  the  beginning— 
the  crops  collected  during  these  years  contained  three  times  the  <)uantitv 
of  carbon  present  in  the  manure,  and  therefore  the  plants^  during  thew 
growth^  must  on  the  whole  hoot  derived  twoHthirds  of  their  carbmijrmn 
Vie  air. 

It  will  be  shown  in  a  subsequent  section  that  even  when  the  soil  is 
lying  naked  the  animal  and  vegetable  matter  it  contains  is  continually 
undergoing  diminution,  owing  to  decomposition  and  the  escape  of  vola- 
tile substances  into  the  air.    It  is  fair,  therefore,  to  assume  that  a  ooa- 


FixBt  Course        2513  7544  5031 

Second  do.  ^  ^  6839 

Third    do.  —  —  3921 


I  need  eoareelj  remark  that,  in  the  hands  of  a  food  fiurmer,  who  keeps  his  land  In  good 
"f— Che  quantity  of  organic  matter  in  the  aoil  at  the  end^  liis  coarse  of  cropptnf  sboaki 
atleast,  as  il  was  at  Um  beginning  el*  hia  rotation,  before  the  adduioB  of  lliis 
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^  siderable  portion  of  the  carbon  of  the  roanure  and  of  the  soil  would 
naturally  disappear  during  the  four  years*  cropping  above-mentioned, 
and  that,  therefore,  the  proportion  of  carbon  derived  from  the  air  ia 
Boussingault's  experiments,  must  have  been  really  considerably  greater 
than  is  indicated  by  the  numerical  results. 

Let  two-thirds  of  the  entire  quantity  of  carbon  contained  in  a  series  of 
crops  be  taken  as  the  average  proportion,  [Lecture  II.,  p.  31,1  which,  on 
cultivated  land  in  our  climate,  must  be  derived  from  the  air  in  the  form 
of  carbonic  acid — and  lei  the  average  weight  of  the  dry  crop  reaped  be 
estimated  at  a  ton  and  a  half  per  acre.  Then,  if  the  crop  contain  half 
its  weight  of  carbon,*  the  plants  grown  on  each  acre  must  annually  ex- 
tract from  the  air  10  cwt.  or  1 120  lbs.  of  carbon  in  the  form  of  carbonic  acid. 

§  2.  Of  the  relation  which  the  quantity  of  carbon  extracted  by  plants  from 
ike  air,  bears  to  the  tohole  quantity  contained  in  the  atmosphere* 

But  the  question  will  here  at  ence  suggest  itself  to  you— does  not  the 
quantity  thus  extracted  from  the  air  really  form  a  very  large  proportion 
of  the  whole  weight  of  carbon  which  is  contained  in  the  atmosphere  ?  A 
simple  calculation  will  give  us  clear  ideas  in  regard  to  this  interesting 
point. 

We  have  already  seen  that,  by  the  results  of  De  Saussure,  the  aver- 
age quantity  of  carbonic  acid  in  the  atmosphere  of  our  globe  may  be 
estimated  at  ^^  part  of  its  entire  bulk.  This  is  equal  very  nearly 
to  Tiy^inr  ^^  ^^  weight. f  Or  taking  the  whole  weight  of  the  atmosphere 
at  15  lbs.  on  the  8(|uare  inch— that  of  the  carbonic  acid  will  be  0'009  lbs. 
or  63  grs.  per  square  inch.  But  as  carbonic  acid  contains  only  27}  per 
cent,  of  its  weight  of  carbon,  the  weight  of  this  element  which  presses 
on  each  square  inch  of  the  earth's  surface  isonly  17f  (17*39)  grs.  Upon 
an  acre  this  amounts  to  7  tons 4 

But  if  the  crop  on  each  acre  of  cultivated  land  annually  extracts  frooai 
the  air  half  a  ton  of  carbon,  the  whole  of  the  carbonic  acid  in  the  atmos- 
phere would  sustain  such  a  vegetation  over  the  entire  globe  for  14  years 
only.  And  if  we  even  suppose  such  a  vegetation  to  extend  over  ons 
fanndredth  part  of  the  earth's  surface  only,  it  still  appears  sufficient  to 
exhaust  the  carbonic  acid  of  the  air  in  1400  years. 

*  BonMinganIt  atatefu  that  of  all  the  plants  uraally  caltivaled  for  food— ao  far  aa  his  eiperi. 
ments  have  (one— the  Jenualem  anicnoke  draws  the  largest  portion  of  its  safltenance  \mm. 
the  air— or  yt^  the  greateet  toeigM  of  food  fnm.  the  tmaUest  veighl  of  manure.  It  la  trae 
genenllj  indeed  that  all  thoae  planta,  wttich,  like  the  Jeruaalem  anlehoke  and  the  whita 
carrot,  grow  fredj  on  sandy  soUa  containing  liule  vegetable  maUer  and  with  the  addkioa 
of  iitHe  manure,  extract  the  greatest  proportion  of  their  sustenance  from  the  air.  Soeh 
lilBiits,  therefore,  are  likely  to  prove  the  moat  profltable  articles  of  culcmre  when  saeh  soils 
■ad  a  scardty  oi  manure  simultaneously  prevail. 

t  The  mean  of  225  Vxperimenta  made  by  De  Baussure  between  1827  and  1829  gave  as 
above  atated  about  4-lOOCk)  or  l-2600rh  part  for  the  mean  bulk  of  the  carbonic  acid  in  the  air, 
which  ia  neariy  6-lOOOtha  of  4ts  whole  weigtit.  Among  these  observations  the  maximum 
was  &-8  ten-thousandths,  the  minimum  3i5.  If  we  toke  the  maximum  bulk  at  6-lOOOOtlM 
cf  Che  air— the  maximum  weighi  of  the  carbonic  acid  is  nearly  d-IOOOOlhs  of  that  of  the  al> 
tBoapbere.  In  elementary  works  it  is  generally  atated  in  round  numbers  at  t*1000th  of  ths 
weight  of  the  air,  but  if  the  l>e6t  experimental  reauUa  we  poaaeaa  are  to  be  any  guide  to  iiS| 
lliia  Is  at  least  one-third  too  high. 

It  Is  also  of  consequence  to  remark,  that  this  eatimate  of  die  whole  weight  of  the  cartxmle 
•eki  In  the  air  is  founded  on  the  auppoeition  that,  in  the  highest  regiona  of  the  atmoaphere 
the  carbonic  acid  i«  preaent  in  a  proportion  nearly  equal  to  ibat  in  wiiieh  it  la  found  i^iBM- 
dialaly  above  the  eanh'a  sariace^which  Is  by  no  meana  established. 

X  15-fiB8UM.~«iiacn  being  48tt)  square  yards,  eontalnlDg  each  1296  sqaueiaelMfc 
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A  very  short  period,  compared  even  with  the  limits  of  autlieqtic  his* 
tory,  ha3  yet  elapsed  since  experiments  began  to  be  made  on  the  true 
constitmioD  of  the  atmosphere ;  we  have  no  very  trustworthy  data, 
therefore,  on  which  to  found  a  confident  opinion  in  regard  to  the  perma- 
nence of  the  proportion  of  carbonic  acid  which  it  now  contains.  The 
later  observations  of  De  Saussure  do  give  a  considerably  lower  estimate 
of  the  quantity  of  this  acid  in  the  air  than  that  which  was  deduced  from 
the  results  of  the  earlier  experimenters ;  but  the  imperfection  of  the 
modes  of  analysis  formerly  adopted  was  too  great,  to  justify  us  in  rea- 
soning rigorously  from  the  inferences  to  which  they  led.  We  caDooc 
safely  conclude  from  them  that  the  proportion  of  carbon  in  the  atmoe- 
phore  has  really  diminished  to  any  sensible  extent  during  this  limited 
period;  while  the  recorded  identity  of  all  the  phenomena  o^  vegetation 
lenders  it  probable  that  the  proportion  has  not  sensibly  diminished  even 
within  historic  times. 

From  what  sources,  then,  is  the  supply  of  carbonic  acid  in  the  atmos- 
phere kept  up?— and  if  the  proportion  be  pferraanent,  by  what  compen- 
sating processes  is  the  quantity  which  is  restored  to  the  atmosphere 
produced  and  regulated  ? 

§  3.  Htno  the  supply  of  carbonic  add  in  tJie  atmosphere  is  renewed 
and  regulated.  ^ 
,  On  comparing,  in  a  previous  lectnre,  the  quantity  of  rain  which  falb 
with  that  of  the  watery  vapour  actually  present  in  the  air,  we  saw  rea- 
son to  believe  that  even  in  a  single  year  the  same  portion  of  water  may 
fall  in  rain  or  dew  and  ascend  agam  in  watery  vapour  several  succes- 
sive times.  Is  it  so  also  with  the  carbon  in  the  air  ?  Does  that  which 
feeds  the  growing  plant  to-day,  again  mount  up  in  the  form  of  carbonic 
acid  at  some  future  time,  ready  to  minister  to  the  sustenance  of  new 
races,  and  to  run  agdn  the  same  round  of  ever- varying  change  ?  Such 
is,  indeed,  the  general  history  of  the  agency  of  the  carbonic  acid  of  the 
atmosphere ;  but  when  once  it  has  been  fixed  in  the  plant  it  must  pass 
through  many  successive  changes  before  it  is  again  set  free.  The  con- 
ditions, also,  under  which  it  is  restored  to  the  atmosphere  are  so  diver- 
sified, and  the  agencies  by  which,  in  each  case,  it  is  liberated,  are  so 
very  distinct,  as  to  require  that  the  several  modes  by  which  the  carbon 
of  plants  is  reconverted  Into  carbonic  acid  and  returned  to  the  air,  should 
be  made  topics  of  separate  consideration. 

X       I.— K>N  THE  PBODUCTXON  OF  CARBONIC  ACID  BT  BESPIRATIOIT. 

The  air  we  breathe  when  it  is  drawn  into  the  lungs,  contains  ^^th 
of  its  bulk  of  carbonic  acid ;  when  it  returns  again  from  the  lungs,  the 
bulk  of  this  gas  amounts,  on  an  average,*  to  j'jth  of  the  whole ;  or  its 
quantity  is  increased  one  hundred  times. 

The  acmal  bulk  of  the  carbonic  acid  emitted  from  the  longs  of  a  sin- 
gle individual  in  24  hours  varies  exceedingly ;  it  has  been  estimated 
however,  on  an  average,  to  contain  upwards  of  five  ounces  of  carbon.f 

*  It  varieB  In  diflTerent  lodiTidaals  from  2  to  8  per  cent  of  the  expired  eir.  In  uiinula  It 
vwiea  also  wllh  the  apeciee.  The  air  from  the  lunge  of  a  cat  contains  from  6|  to  7  per  cent, 
of  a  doc  from  4i  to  6|,  of  a  rabbit  from  4  to  6,  and  of  a  pifeon  from  8  to  4  per  cent,  of  the 
whole  bolk.— Dulong,  AfmaL  de  Oum.  tt  tU  Phy.,  third  iStriet,  /.,  p.  466. 

t  DaTj,  and  Allen,  and  Pepys,  estimated  the  weifhr  of  carbon  e^oWed  in  a  day  atapwardg 
of  11  ooneeai  a  qoaattty  whioh  all  wriurs  have  concunred  in  recelvinf  with  iuspldoo. 
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A  fall  grown  zoaD,  therefore,  gives  off  from  hi«  lungs,  in  the  course  ^  a 
jear,  upwards  of  1(K)  lbs.  of  carbon  in  the  form  of  carbonic  acid. 

If  the  quaotiw  of  carbon  thus  evolved  from  the  lungs  be  in  proportion 
to  the  weight  of  the  animal,  a  cow  or  a  hone  ought  to  give  off  six  times 
as  much  as  a  man.*  From  indirect  experiments,  however,  Boussin- 
gault  estimated  the  quantity  of  carbon  actually  lost  in  this  way  by  a  cow 
at  2200  grammes  in  24  houra,  and  by  ahorse  at  2400  grammes.— [.^n» 
de  Chim.  ttde  Phy$.,  Izxi.,  pp.  127  and  136.]  These  quantities  are  equal 
to  6  or  7  times  the  amount  of  carbon  given  off  from  the  lungs  of  a  man. 

If  we  suppose  each  inhabitant  of  Great  Britain,  young  and  old,  to  ex- 
pire only  60  lbs.  of  carbon  in  a  year,  the  twenty  millions  would  emit 
seven  hundred  thousand  tons ;  and,  allowing  the  cattle,  sheep,  and  all 
other  animals,  to  give  off  twice  as  much  more,  the  whole  weight  of 
carbon  returned  to  the  air  by  respiration  in  this  island  would  be  about 
two  millions  of  tons,  or  the  (|uantity  abstracted  from  the  atmosphere  by 
Ibar  millions  of  acres  of  cultivated  land. 

Whence  is  all  this  carbon  derived  ?  It  is  a  portion  of  that  which  has 
heen  conveyed  into  the  stomach  in  the  form  of  (bod.  Suppose  the  car- 
bon contained  in  the  daily  food  of  a  full  grown  man  to  amount  to  one 
pcand— which  is  a  large  allowanc^^thcn  k  appears  that,  by  the  ordi- 
aaiY  processes  of  respiration,  cU  least  am>'ihird  €f  the  carbon  of  kit  food 
is  aaUy  returned  into  ike  air. 

In  other  animals  the  proportion  returned  may  be  difierent  from  what 
it  is  in  man,  yet  the  life  of  all  depends  on  the  emission  to  a  certain  ex- 
lent  of  the  same  gas.f  And  since  all  are  sustained  by  the  prodace  of 
the  soil,  it  is  obvious  that  the  process  of  animal  respiration  is  one  of 
those  methods  by  which  it  has  been  provided  that  a  lar^e  portion  of  the 
vegetable  productions  of  the  globe  should  be  almost  immediately  re- 
solved into  the  simpler  forms  of  matter  from  which  it  was  originally 
4X>mpounded,  and  again  sent  up  into  the  air  to  minister  to  the  wants  of 
new  races. 

II.— ON  THE  FRODUCTION  OF  GARBOITIC  ACID  BT  COMBUSTION. 

Another  important  source  of  carbonic  acid  is  familiar  to  us  in  the  re* 
suits  of  artificial  combustion. 

In  the  previous  lecture  I  have  shown  how,  by  the  action  of  the  sun's 
rays  upon  the  leaf,  the  carbonic  acid  absorbed  from  the  atmosphere  is 
deprived  of  its  oxygen,  an4  its  carbon  afterwards  united  to  the  elements 
of  water  for  the  prcduction  of  woody  fibre.  During  the  process  of  com- 
bustion, this  labour  of  the  living  leaf  is  undone— ^-the  carbon  is  made  to 
combine  anew  with  the  oxygen  of  the  atmosphere,  and  the  vegetable 
matter  is  resolved  again  into  carbonic  acid  and  water. 

Thus,  when  wocxl  (wotxly  fibre)  is  burned  in' the  air,  oxygen  disap- 
pears, and  carbonic  ac^  and  watery  vapour  are  alone  produced.  The 
theory  of  this  change  is  simple. 

*  EitimatlDc  the  ordioav7  weteht  of  a  mu  at  150,  and  of  a  cow  at  800  to  900  lbs.— 6ed 
flprengel,  Ldkre  vam  D&nger,  p.  20a 

^  *  That  the  proportion  must  be  less  in  the  huferaniiBalfl  ia  certain,  since  the  dallf  food  of 
a  mm  ma/  Im  stated  geoerally  aa  eqal'valent  to  Ss  Iba  of  hay ,  coniaininff  upwards  of  10  H».  of 
carboB.  If  on&thircTof  this  were  given  off  from  the  longs,  the  qnanllty  of  carbon  (3^  lbs.) 
evohrad  would  be  ten  thnes  greater  than  wsa  Indicated  by  the  experiments  of  BouaslogBuU, 
andaaaily  double  of  whaitiie  weight  of*  «o«r«cMBparsd  wlUi  otatof  aBiaB,ri(|airM. 

7» 
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It  wD]  be  recollected  (p.  135)  that  in  (bnning  an  eqtiivalent  of  woody 
fibre  or  of  sugar,  24  of  oxygen  were  given  off*,  chiefly  by  the  leaf^— eq  in 
again  resolving  these  substancea  into  carbonic  acid  and  water,  24  of  oocy 
gen  are  absorbed.    Thus— 

I  of  WooDT  Fibre  =s  C)  ,  H,    Oa 
24ofOKT»Bir       •    r=  0,4 

12  of  8  of 

CStJboole  Acid.    Water. 

Sum.    .    .    s=Ci,  B«    Os,  =  12CO,  +  8HO. 

Or,  1  of  Caecb  Suoab     =Cia  H|o  Oi, 
-     24ofOzTeBN  .    .    =  0,4 

12  of         10  of 

\  Caitmnlc  Add.     Water. 

Sam.     .     .    =Ci,  H,o034=12CO,  +  10HO. 

The  same  law  holds  In  regard  to  all  other  vegetable  substances.  Tbcy 
are  resolved  into  carbonic  acid  and  water,  in  proportions  which  neces* 
sarily  vary  with  the  chemical  oonstitntion  of  each. 

It  applies  also  to  all  bodies  of  vegetable  orifiin,  among  which  nearly 
all  combustible  minerals  may  be  reckoned.  The  peat  and  coal  we  bora 
in  our  bouses  and  manufaotories,  when  supplied  with  a  sufficiency  of 
atmospheric  air,  are  resolved  during  combustion  into  carbonic  acid  and 
watery  vapour. 

Some  vegetable  substances  contain  a  small  quantity  of  nitrogen. 
When  these  are  burned,  this  nitrogen  escapes  into  the  atmosphere,*^— 
generally  in  an  uncombined  state,— «nd  mingles  with  the  air.  So  ib 
animal  substances,  nearly  all  of  which  contain  nitrogen  as  an  essential 
constituent.  During  perfect  combustion  the  whole  of  the  carbon  is  dis- 
sipated in  the  form  of  carbonic  acid,  while  the  nitrogen  rises  along  widi 
it  in  an  elementary  state. 

The  result  of  ibis  uniform  subjection  of  ajl  combustible  matter  to  the 
operation  of  this  one  law,  is  the  constant  production  on  the  surface  of 
the  globe  of  a  vast  quantity  of  carbonic  acid  ; — the  rc>conversioo  of  large 
masses  of  organic  matter  into  the  more  elementary  compounds  firom 
which  it  was  originally  formed. 

How  interesting  it  i^  to  contemplate  the  relations,  at  once  wise  and 
beautiful,  by  which  through  the  operation  of  such  laws,  dead  organic 
matter,  intelligent  man,  and  living  plants,  are  all  bound  together !  The  . 
dead  tree  and  the  fossile  coal  lie  almost  useless  things  in  reference  to 
animal  and  vegetable  liftH— man  employs  them  in  a  thousand  ways  as 
ministers  to  his  wants,  bis  comforts,  or  his  dominion  over  nature-^and 
in  so  doing,  himself  directly  though  unconsciously  ministers  to  the  wants 
of  those  vegetable  races,  which  seem  but  to  live  and  grow  for  his  use  and 
sustenance. 

It  is  impossible  to  say  what  proportion  of  the  carbon  absorbed  during 
the  general  vegetation  of  the  globe,  is  thus  annually  restored  to  the  at- 
mosphere by  the  burning  of  vegetable  matter.  That  it  must  be  veiy 
great,  will  appear  from  the  single  fact,  that  by  far  the  greater  part  of  the 
globe  b  dependent  for  its  supply  of  fuel  on  the  annual  proauce  of  its 
forests  ;*-while  even  in  those  more  favoured  countries  where  mineral 
coal  abounds,  the  quantity  of  wood  consumed  by  burning  falls  but  little 
short  of  the  entire  yearly  growth  of  the  land. 
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In  connection  with  this  suhject,  I  inust  draw  your  attention  to  one  in- 
teresting, as  well  as  im|)ortant,  fact.  I  have  spoken  of  coal  as  a  sub- 
stance of  vegetable  origin,  and  there  is  no  doubt  that  ail  the  carbon  it 
contains  once  floated  in  the  air  in  the  form  of  carbonic  acid.  But  the 
period  when  it  was  so  mixed  with  the  atmosphere  is  remote  almost  be- 
yond conception.  When,  therefore,  we  raise  coal  from  iu  anciept  bed 
iind  burn  it  on  the  earth*s  surface,  we  add  to  the  carbon  of  the  air  a  pot' 
turn  which  has  not  previowly  existed  in  the  atmosphere  of  our  time. 

The  coal  consumed  in  Great  Britain  alone  is  estimated  at  20  millionfl 
of  tons,  containing  on  an  average  at  least  70  per  cent.,  or  14  millions  of 
tons  of  carbon.  But  if  the  annual  produce  of  an  acre  of  cultivated  land 
contain  half  a  ton  (p.  147)  of  carbon  derived  from  ihe  air,  the  coal  con- 
sumed in  this  country  woulcf  supply  carbonic  acid  to  the  crops  crown 
upon  28  millions  of  acres.  Or,  since  in  Great  Britain  about  34  millions 
of  acres  are  in  cultivation  (p.  12),  the  coal  we  annually  consume  produces 
a  quantity  of  carbonic  acid  which  is  alone  sufficient  to  supply  food  to  the 
crops  that  grow  upon  seven-eighths  of  Uie  arable  land  of  this  country, 

IH.^PROnUCTION  OF  CARBONIC  ACID  BT  THE  NATURAL  DECAY  OT  VBSE- 
TABLE  HATTER.      LAW  OP  THIS  DECAY. 

Over  large  tracts  of  country  in  every  part  of  the  globe,  the  vegetable 
productions  of  the  soil  are  never  cropped  or  gathered,  but  either  accumu- 
late—as occ&sionally  in  our  peat  l>og8;  or  decay  and  gradually  disappear 
—as  in  the  jungles  of  India  or  in  the  tropical  forests  of  Africa  and  Stiuth- 
era  America. 

^he  final  results  of  this  decay  are  the  same  as  those  which  attend 
upon  ordinary  combustion,  but  the  conditions  under  which  it  takes  place 
being  diflerent,  the  immediate  results  are  to  a  certain  extent  difi&reot 
also.^ 

When  a  vegetable  substance  is  burned  in  the  air,  the  oxygen  of  tJic  at- 
mosphere is  the  only  material  agent  in  effecting  the  dfecom position. 
The  carbon  of  the  burning  body  unites  directly  with  this  oxygen  and 
forms  carbonic  acid. 

In  the  natural  process  of  decay,  however,  at  the  ordinary  temperature 
oT  the  atmosphere,  vegetable  matter  is  exposed  to  the  action  of  both  air 
and  water ;  these  both  co-operate  in  inducing  and  carrying  on  the  decom- 
position, and  hence  carbonic  acid  is  not,  as  in  the  case  of  combustion,  the 
chief  or  immediate  result. 

A  detail  of  all  the  steps  through  which  vegetable  matter  is  known  to 
pass  before  it  is  finally  resolvedlnto  carbonic  acid  and  water,  would  be 
difficult  for  you  to  understand,  and  is  here  unnecessary.  A  general 
view  of  the  way  in  which  by  the  united  agency  of  air  and  water,  the 
decay  of  organic  substances  is  effected  and  promoted,  may  be  made 
very  intelligible,  and  will  sufficiently  illustrate  the  subject  for  our  pre- 
sent purpose. 

In  combustion,  as  we  have  seen,  the  whole  of  the  vegetable  substance 
is  resolved  directly  into  carbonic  acid  and  water,  at  the  expense  of  the 
oxygen  of  the  atmosphere.  In  natural  decay  a  small  and  variable  por- 
tion only  is  so  changed,  but  to  the  extent  to  which  litis  change  does  take 
place  carbonic  acid  is  directly  formed  and  sent  up  into  the  air.  Suppose 
such  a  change— a  slow  combustion  in  reality — to  take  place  to  a  certain 
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extent,  and  let  us  consider  what  becomes  of  the  remainder  of  the  vegeta 
ble  matter. 
1°.  If  we  add 

6  of  Carbonic  Acid    .    .   ^^  C«  Ou 

to  6  of  Light  Carburetted  ?  _  r<      n 
Htdrooen  (CH,)      J-  ^«     "»« 

we  have  the  sum  .  .  =  C,,"^i,  O,,;  or,  one  of 
grape  sugar  ;^-that  is,  one  of  grape  sugar  may  be  formed  out  of  the  ele- 
ments of  6  of  carboDic  acid,  and  6  of  light  carburetted  hydrogen.  Or, 
conversely,  grape  sugar  being  already  produced,  it  may  be  resolved  or 
decomposed  into  these  two  compounds  in  the  same  proportions,  without 
the  aid  of  the  oxygen  of  the  atmosphere. 
2°.  So  if  to 

1  of  Woody  Fibre  =  Ci,  H,    O, 
we  add  4  of  Water    .    .    =  H4    O4 

: Carbonic     Light  Caitiii- 

r  Acid,     retted  Hydrogen, 

we  have,  as  before,  Cj,  Hu  Oia  =  6  00,  + 6  CH,; 
Or  by  the  eld  of  the  elements  of  4  atoms  of  water,  woody  fibre  may  be 
resolved  into  6  of  carbonic  acid  and  as  many  of  light  carburetted 
hydrogen. 

3**.  Again,  in  the  case  of  a  vegetable  acid,  if  to 

1  of  Tartaric  Acid  =  €411205 
we  add  1  of  OxreEzr    .     .    =:  O, 

— — — ^      CartMoio    Light  Gartw- 

Acid.  reUed  Hjdiogai. 
we  have  C4  Hj  Oj  =  3  COj  +  CH, ; 
That  is,  by  the  aid  of  one  of  oxygen  from  the  air,  one  of  tartaric  acid 
may  be  resolved  into  3  of  carbonic  acid,  and  1  of  light  carburetted 
hydfrogen.  It  is  easy  to  see  how  any  other  of  the  more  common  vegeta- 
ble productions  may— either  at  the  expense  of  its  own  elements,  as  in 
Sape  sugar— or  by  the  aid  of  those  of  water,  as  in  woody  fibre— or  of 
e  oxygen  of  the  atmosphere,  as  in  tartaric  acid^-be  resolved  into  car- 
bonic acid  and  light  carburetted  hydrogen,  in  certain  proportions. 

Now,  such  a  resolution  does  really  take  place  to  a  considerable  extent 
in  nature,  during  the  decay  of  organic  substances  in  moist  situations. 
Hence  the  evoludon  of  light  carburetted  hydrocen  from  dead  vegetable 
matter  in  marshy  places  and  stagnant  pools— -hence  the  production  of 
the  same  gas  in  compost  heaps,  and  especially  in  rich  and  heated  farm- 
yard manure— and  hence  also  its  occurrence  in  such  vast  quantities  in 
many  of  our  coal  mines. 

You  will  now  be  able  to  appreciate  one  of  the  reasons  why  this  light 
carburetted  hydrogen  has  been  supposed  by  some  physiologists  (p.  50) 
to  contribute  as  food  to  the  ordinary  nourishment  of  planu.  It  is  pro- 
duced in  nature  in  many  and  Varied  situations,  and  it  has  been  found 
by  experiment  to  exercise  a  visible  influence  upon  the  growth  of  plants; 
—being  so  produced  where  young  plants  grow,  is  it  never  imbibed  by 
them  1 — ^being  possessed  of  this  influence,  is  it  entrusted  with  do  control 
over  the  generaJ  vegetation  of  the  globe  ? 

However  this  may  be,  by  far  the  greatest  portion  of  both  these  gases 
'  escapes  Lnto  the  air ; — the  carbonic  acid  to  fulfil  those  purposes  which 
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have  already  beeo  coDsidered,— die  light  carburetted  hydrogen  to  under- 
go a  further  change,  by  which  it  also  is  resolv^  into  carbonic  acid  and 
water.    Thus,  if  to 
1  of  Light  Caiiburkttcd  Htdrookn  =  CHs        we  add 

4ofOxTOKW =  O4 

—  Citwnlc  Add.  Water. 

We  have         CH^  O4  or  CO,  +  2  HO 

Or  one  of  this  gas  with  4  of  oxygen  may  be  changed  into  1  of  carbonic 
acid  and  2  of  water. 

Now,  when  this  gas  escapes  into  the  air  it  becomes  diffused  throui^  a 
large  excess  of  oxygen,  and  is  thus  ready,  at  any  instant,  to  be  decom- 
posed. Through  the  atmosphere  streams  of  electricity  are  continually 
flowing,  and  every  wandering  spark  that  passes  athwart  a  portion  of 
this  mixture  decomposes  so  much  of  the  liglit  gas,  aod  produces  in  its 
stead  the  equivalent  proportions  of  carbonic  acid  and  watery  vapour. 
Thus  it  happens  that  of  the  vast  quantity  of  this  and  other  combustible 
gases  which  are  continually  escaping  into  the  air,  so  few  traces  are  dis- 
cernible even  by  the, aid  of  the  most  refined  processes  of  art.  By  a  wise 
provision  of  nature  such  substances  as  are  void  of  use  to  either  animals 
or  plants,  if  not  speedily  removed  from  the  air  altogether,  are  there  con- 
verted into  such  new  forms  of  matter  as  are  fitted  to  minister  to  the  ne- 
cessities of  living  beings. 

Though  therefore  in  the  natural  decay  of  vejgetable  matter  in  the  pre- 
sence of  air  and  moisture,  a  certain  portion  of  its  carbon  escapes  into  the 
air  in  the  form  of  light  carburetted  hydrogen,  this  compound  is  but  a 
step  towards  the  final  change  into  carbonic  acid  and  water.  In  the  soil 
the  vegetable  matter  is  continually  undergoing  decay,  various  sub- 
stances are  produced  in  greater  or  less  quantity,  some  solid,  some  liquid« 
and  some  gaseous  like  the  light  gas  of  which  we  have  been  speaking,— 
but  all  of  them,  like  ^hb  gas,  are  only  hastening — some  by  one  road,  so 
to  speak,  and  some  by  another— towards  that  final  desunation  which 
sooner  or  later  they  are  all  fated  to  reach ;  when  in  the  form  of  carbonic 
acid  and  water  they  shall  be  in  a  condition  to  minister  again  to  the  nour- 
ishment of  all  plants.  , 

While  in  the  soil  some  part  of  this  vegetable  matter  assumes  forms 
which  are  capable  of  entering  again  into  the  roots  of  li^'ing  plants,  and, 
without  further  resolution  in  the  air,  of  being  converted  by  the  living 
plant  into  portions  of  its  own  substance.  The  nature  and  composition 
of  these  forms  of  matter,  so  far  as  they  are  known,  will  be  considered  in 
a  subsecjuent  lecture. — [See  Part  li.,  Lectures  XI.-XIII.,  ^^  On  the 
constitutton  of  soils"] 

It  is  ujwn  the  ^nat  result  of  this  natural  decay  to  which  all  vegetable 
matter  is  subject,  that  the  carbonic  acid  of  the  atmosphere  depends  for 
its  largest  supplies.  .The  rapidity  with  which  organized  bodies  perish, 
and  become  resolved  into  gaseous  compounds,  depends  partly  upon  the 
climate  and  partly  on  the  nature  of  the  substances  themselves,— but  all 
hurry  forward  to  the  same  end,  and  it  is  with  difficulty  that  we  are  able 
for  a  time  to  arrest  or  even  to  retard  their  steps.  It  is  by  this  perpetual 
and  active  obe<tience  of  all  dead  matter  to  one  fixed  law  that  the  exist- 
ing condition  of  things  is  maintained  ;*-and  thus  it  happens  that  either 
by  the  respiratioD  of  the  animals  which  live  upon  it,  by  the  process  of 
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combustion,  or  by  tbat  of  spontaneous  decay,  the  entire  crop  of  vegeta- 
ble produce  is  apparently,  year  by  year— taking  the  average  of  a  series 
of  years— resolved  into  the  forms  of  matter  from  which  it  was  originally 
bmit  up  ;^-and  the  substances  on  which  plants  feed  at  length  restored  to 
the  air  in  the  precise  proportion  in  which  they  have  been  taken  from  it. 

TL-^NATDEAL  CYOLUTIOIT  OF  CARBONIC  ACID  IN  VOLCANIC  COUNTIUES. 

The  above  apparent  conclusion  would  be  absolutely  true,  were  there 
no  causes  in  operation  by  which  the  restoration  to  the  air  of  a  portion  of 
the  carbon  of  animal  and  vegetable  substances  is  prevented — ^and  no 
other  sources,  independent  of  existing  organic  matter,  from  which  car- 
bonic acid  may  be  supplied  to  the  air. 

If  the  whole  of  the  carbon  be  not  returned  to  the  air,  the  carbonic  acid 
of  the  atmosphere  may  be  undergoing  diminution ;  while— if  a  large 
supply  be  constantly  poured  into  the  air  from  sources  independent  of 
vegetable  matter,  the  proportion  of  carbonic  acid  may  be  continually  oa 
the  increase. 

We  have  seen  that  the  combustion  of  fossil  coal  adds  to  the  air  a 
large  quantity  of  carbonic  acid  which  has  never  before  existed  in  the  at- 
mosphere of  our  time.  In  many  volcanic  districts  also,  carbonic  acid  is 
observed  to  issue  in  large  quantity  from  cracks  and  fissures  in  the  earth ; 
—accompanied  sometimes  by  water,  forming  mineral  springs,  from 
which  the  copious  emisson  of  gas  is  readily  perceived ;  more  frequently, 
perhaps,  rbing  up  alone,  and  thus  escaping  general  observation. 

It  must  obviously  be  exceedingly  difficult  to  estimate  the  quantity  of 
gas  which  rises  iuto  the  air  in  such  circumstances  over  an  extensive 
tract  of  country,  fractured  and  i)roken  up  by  volcanic  agency-^where 
the  outlets  are  numerous,  and  the  rate  at  which  the  gas  escapes  very 
variable.  That  in  many  localities  it  must  be  very  creat,  however, 
there  can  be  no  question.  In  the  ancient  volcanic  district  of  the  Eifel, 
comprising  an  area  of  many  square  miles  around  the  Laacher  See,  on 
the  led  bank  of  the  Rhine,  the  annual  evolution  of  carbonic  acid  from 
springs  and  fissures  has  been  estimated  by  Bischof  at  not  less  than 
100,000  tons,  containing  27,000  tons  of  carbon.  In  many  other  districts, 
especially  where  active  volcanoes  exist,  the  volume  of  gas  given  ofT 
may  be  j^ire  as  great,  though  no  attempts  have  hitherto  been  made  to 
estimate  its  real  amount. 

Yet  though  absolutely  large,  the  quantity  of  carbonic  acid  disengaged 
in  this  way  from  the  eanh,  is  really  small  when  compared  either  with 
the  entire  quantity  supposed  to  be  present  in  the  atmosphere,  or  with 
that  which  is  required  for  the  growth  of  the  yearly  vegetation  of  the 
globe.  Suppose  that  from  a  thousand  spots  on  the  earth's  surface  a 
quantity  of  carbonic  acid  equal  to  the  above  estimate  of  Bischof  escapes 
constantly  into  the  air,  the  weight  of  carbon  (27  millions  of  tons)  thus 
diffused  througti  the  atmosphere  would  be  only  equal  to  that  which  is 
yearly  drawn  from  the  air  by  54  millions  of  acres  of  land  under  cultiva- 
tion (p.  147),  and  only  twice  as  much  as  that  contained  in  the  coal 
which  is  annually  consumed  in  Great  Britain  alone. 

Still  if  the  whole  of  the  carbon  contained  in  the  produce  of  the  general 
vegetation  of  the  globe  be  ultimately  restored  to  the  air,— either  by  the 
respiration  of  animals,  by  the  natural  and  slow  decay  of  vegetable  mat- 


155  CARBON  PC1KlfAinElfTX.T  tnTHDHAHlTir  FROM  TBS  Aim. 

ter,  or  »y  the  more  rapid  process  of  combustion, — the  constant  addition 
of  carbonic  acid  derived  from  volcanoes,  and  from  the  combusiion  of  fos- 
sil coal,  should  gradually,  though  slowly,  augment  the  proportion  of  this 
gas  in  the  air  we  breathe ;— unless  it  ie  perpetually  undergoing  a  per- 
manent diminution,  to  at  least  an  equal  extent,  from  the  operation  of 
other  causes.  In  reference  to  this  point  there  are  three  circumstances 
which  are.  proper  to  be  considered :— - 

1°.  It  has  been  observed  that,  as  we  recede  from  the  land  and  ap* 
proach  the  centre  of  great  lakes,  or  sail  into  the  open  sea,  the  quantity 
of  carbonic  acid  in  the  air  gradually  diminishes.  It  is  therefore  inferred 
that  the  sea  is  constantly,  and  to  a  sensible  extent,  absorbing  carbonic 
acid  from  the  atmosphere,  without  afterwards  restoring  it,  so  far  as  is 
yet  known,  by  any  compensating  process. 

2°.  The  waters  which  flow  into  the  sea  or  great  lakes  constantly 
bear  down  with  them  portions  of  animal  and  vegetable  matter.  These 
fall  along  with  the  mud  which  the  waters  hold  in  suspension,  and  are 
permanently  imbedded  in  the  deposits  of  clay,  silt,  and  sand,  which  are 
continually  in  the  course  of  fitrmation. 

3°.  In  many  paru  of  the  world,  especially  in  the  latitudes  north  and 
south  of  45°,  vegetable  matter  accumulates  in  the  form  of  peat,  becomes 
buried  beneath  clay  and  sand,  and  thus  is  presented  from  undergoing 
the  ordinary  process  of  natural  decay. 

It  is  impossible  to  say  how  much  carbon  is  permanently  withdrawn 
from  the  atmosphere  by  these  several  agencies.  There  is  reason  to  be- 
lieve that  it  is  quite  as  great  as  the  quantity  added  to  the  air  by  the 
combustion  of  coal,  and  by  the  evolution  of  carbonic  acid  in  vofcanio 
districts.  Indeed,  the  supply  from  these  two  sources  appears  to  return 
only  a  small  portion  of  that  carbonic  acid  which  is  abstracted  from  the 
air  by  the  agencies  just  stated,  and  which  have  been  in  operation  during 
every  geological  epoch. 


Cbfic^imofM.— The  general  conclusions,  therefore,  which  we  seem  jus- 
tified in  drawing  in  regard  to  the  supply  of  carbonic  acid  to  the  atmos- 
phere are  as  follow  :— 

1*^.  That  a  large  portion  of  the  carbonic  acid  absorbed ;  by  plants  is 
immediately  and  directly  restored  to  the  air  by  the  respiration  of  the 
animals  which  feed  upon  vegetable  productions. 

29,  That  a  still  larger  portion  is  more  slowly  returned  by  the  gradual 
re-conversion  of  vegetable  substances  into  carbonic  acid  and  water  dur* 
ing  the  process  of  natural  decay. 

3°.  That  nearly  €Ul  the  remainder  is  given  back  in  the  results  of  or- 
dinary combustion. 

4°.  That  a  further  portion,  which  has  not  previously  existed  in  the 
atmosphere  of  our  time,  is  conveyed  to  it  by  the  burning  of  fossil  foeU 
and  by  the  emission  of  carbonic  acid  from  cracks  and  fissures  in  the 
surface  of  the  earth ;  yet  that  the  quantity  thus  added  cannot  be  sup- 
))osed  to  exceed  that  which  is  constantly  and  permanently  separated 
from  the  atmosphere  by  other  causes. 

The  balance  of  all  the  evidence  we  possess  is  probably  in  favour  of 
the  opinion  that  the  carbonic  acid  in  the  ttmoephere  is  slowly  diminirii* 
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ing;  we  have,  however,  no  satis&ctory  evideDce  either  from  theory  or 
experiment  that  it  has  undergooe  any  sensible  diminution  in  our  time.* 

^4.  Of  the  supply  ofammoma  to  plcmls. 

In  a  previous  lecture  it  has  been  shown  that  in  our  cultivated  fields 
plants  derive  a  portion  of  their  nitrogen  from  the  manure  which  is  added 
to  the  soil.  But  the  quantity  of  this  element  present  in  the  manure, 
supposing  it  all  taken  up  and  appropriated  b^  the  plant,  is  seldom  etjual 
to  that  contained  in  the  series  of  crops  which  this  manure  assists  in  raising. 

Thus,  in  the  experiments  of  Boussingault  already  described  (p.  144), 
the  manure  added  previous  to  the  first,  or  four  years'  course,  contained 

157  parts  of  niimgen,  while  the  crops  contained  251  parts,— or  nearly 
two-ihirds  more  than  could  be  derived  Jrom  the  artificial  manure. 

Whence  is  this  excess  of  nitrogen  derived,  and  in  what  form  does  it 
enter  into  the  plant?  Liebig  replies  to  these  questions,  that  ihe  whole 
of  the  nitrogen  absorbed  by  plants  enters  in  the  state  of  anmionia,  and 
that  the  excess  above  what  is  present  in  the  manure  is  drawn  either 
from  the  soil  or  from  the  air.  This  opinion,  advanced  by  so  high  an 
authority,  demands  our  attentive  consideration. 

Ammonia  has  been  detected  in  many  clan's,  and  traces  of  it  may  be 
discovered  in  most  soils,  but  it  is  not  known  to  be  a  natural  or  essential 
consiituent  of  any  of  the  solid  rocks  of  which  the  crust  of  the  globe  is 
composed.  These  clays  and  auils,  therefore,  inay  be  supposed  to  have 
derived  their  ammonia  from  the  atmosphere ;  and  Liebig  ascribes  the 
fertilizing  action  of  the  air  upon  stiflTclays  when  fallowed,  of  burned  clay 
when  applied  as  a  top-dressing,  and  of  gypsum  on  grass  lands  [see  note 
to  page  531,  to  the  larger  quantity  of  ammonia  which  the  surface  of  the 
soil  is  by  these  means  caused  to  absorb  and  retain. 

There  is  no  question  that  ammonia  is  present  in  the  atmosphere  in 
small  and  variable  quantity  (p.  37).  Whence  is  this  ammonia  derived, 
and  is  its  quantity  sufficient  to  supply  the  demands  of  the  entire  vegeta- 
tion of  the  globe? 

When  animal  substances  undergo  decay,  nearly  all  the  nitrogen  they 
contain  is  ultimately  separated  from  the  other  constituents  in  the  form  of 
ammonia.  During  the  decay  of  plants  also,  a  portion  of  their  nitrogen 
escapes  in  the  state  of  ammonia.  Of  the  ammonia  thus  formed,  much 
ascends  into  the  air,  chiefly  in  combination  with  carbonic  acid  as  carbonate 
of  ammonia  (smelling  salts),  and  much  remains  in  the  soil.  Were  the 
whole  of  the  nitrogen  contained  in  plants  and  animals  to  assume  the 
form  of  ammonia  when  they  decay,  and  to  remain  in  the  soil  or  in  the 
air,  it  would  always  be  within  the  reach  either  of  the  roots  or  leaves  of 
the  living  races;  and  thus  the  same  ammonia  [or  ammonia  containing 
the  same  nitrogen — supposing  the  hydrogen  to  have  been  changed] 
might  again  and  again  return  into  the  circulation  of  new  vegetable  tribes, 
and  be  always  alone  sufficient  to  supply  all  the  demands  of  the  exist- 
ing vegetation  of  the  globe. 

But  of  the  ammonia  thus  formed,  a  portion  is  daily  washed  from  th^ 
soil  by  the  rains  and  carried  to  the  sea,  and  much  more  probably  is 
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washed  from  toe  air  by  the  waters  of  the  sea  itself,  or  by  the  rains  which 
fall  directly  into  the  wide  oceans ;  and  we  know  of  do  oompensatiog 
process  by  wljich  this  ammonia  can  be  restored  to  the  air,  and  again 
made  useful  to  vegetation. 

Besides,  of  that  which  still  reroains  in  the  air  much  must  undergo 
decom|>osition  by  natural  processes.  In  treating  in  a  ]}receding  section 
of  the  evolution  of  light  carburetted  hydrogen  during  the  slow  decay  of 
vegetable  matter  (p.  153),  I  have  shown  how,  in  consequence  of  its  ad- 
mixture with  the  oxygen  of  the  atmosphere,  this  gas  is  finely  decom- 
posed, while  carbonic  acid  and  water  are  produced.  Ammonia  in  like 
manner  will  burn  in  oxygen  gas,  and  when  mixed  with  atmospheric  air 
may  be  decomposed  by  the  electric  spark*^water  at  the  same  time  being 
formed  and  nitrogen  set  free.    Thus, 

if  with     1  of  Amkoitia  =  NH3 
we  mix  3ofOxTO£zf   =  O3 

■  3  of  w»ier.    1  of  nttrDgen. 

we  have  the  sura  NH3   O3  =  3  HO  +  N 

or,  when  difiused  through  the  air,  1  of  ammonia,  with  the  aid  of  3  of 
oxygen,  will  yield  3  of  watery  vapour,  while  the  nitrogen  may*  mingle 
with  the  air  in  an  elementary  form.  Can  we  doubt  that  ammonia 
is  thus  decom{)osed  in  the  air  f  Not  to  speak  of  other  forms  assumed 
by  the  electricity  of  the  atmosphere,  can  the  thunder-storms  of  the  tropi- 
cal regions  pass  unheeded  the  ammoniacal  vapours  they  must  meet 
with  in  their  course  ? 

I  conclude,  then,  that  of  the  ammonia  which  is  formed  from  the  nitro- 
gen actually  existing  in  animal  and  vegetable  substances  during  their 
decay,  only  a  comparaUvdy  small  portion  ever  returns  again  to  minister 
to  the  warns  of  new  races. f 

But  if  plants  obtain  all  their  nitrogen  from  ammonia, t  how  is  this 
waste  repaired — whence  are  new  supplies  constantly  derived  ? 

We  have  seen  that,  in  certain  volcanic  countries,  carbonic  acid  is 
evolved  in  vast  quantities  from  rents  and  fissures  in  the  earth.  In  some 
of  these  districts — and  this  has  been  observed  more  especially  in  Italy 
and  Sicily,  and  it  is  said  also  to  some  extent  in  China — ammonia  is 
likewise  given  off,  in  combination  generally  with  some  acid,  and  most 
frequently  with  the  muilatic  acid  in  the  form  of  sal-ammoniac  (muriate 
of  ammonia).  "  This  ammonia^^*  Liebig  is  correct  in  saying,  **h<u  not 
been  produced  by  the  animal  organism  ;"  but  he  assumes  a  very  doubt- 
ful position  when  he  adds,  **t/  existed  before  the  creation  of  htiman  &«- 
tngs ;  it  is  a  part,  a  primary  coristituent  of  the  globe  itself}* — [Organic 
Chemistry  applied  to  Agriculture,  p.  112.] 

Where,  we  might  ask,  has  this  ammonia  existed  during  all  past  time 
—from  what  deep  caverns  of  the  earth  does  it  now  escape  ? 

*  1  say  fliay,  becauM  it  may  at  the  aaine  tins  coml>la6  with  oxygen  and  form  nitric  acid. 
—See  the  followinfc  aecUou,  p.  239. 

*  t  might  add,  that  of  the  ammonia  which  does  return,  and  la  again  abaortied,  a  portion  U 
■ntwequeniiy  decomposed  in  Uie  interior  of  living  plants,  as  Is  shown  by  the  CTolnUon  of 

^nitrogen  from  the  common  leaves  of  some  and  the  flower  leaves  of  others. 

t  **  Wild  plants  obtain  more  nitrogen  fnm  the  atmoephert^  in  the  form  of  ammonia^  than  tktff 
require  for  their  growth,  por  the  water  which  evaporates  through  iheir  leaves  and  blossoms 
emits,  after  a  time,  a  oulrid  smeli—a  peculiarity  possessed  only  by  such  bodies  as  contain 
Ditrngen. "-^Liebig,  Organic  Chemietry  etpptiedto  Agriculture^  p.  85.]  Does  the  (act  here 
ttated,  jaaiify  the  concluaiua  whleli  appears  to  be  drawn  Crom  U  Y 


IS6  UfOlBSCT  FIMBUCTIOX  OF  ASMORf A. 

This  opinioD  of  Liebig,  as  well  as  the  pantnimmt  infliieDce  he  as- 
cribes to  ammonia  over  the  vegetation  of  the  globe,  are  based  chiefly  on 
the  fact  that  we  know  of  no  means  by  which  ammonia  can  be  formed 
by  the  direct  union  of  the  hydrogen  add  nitrogen  of  which  it  consists. 

But  the  production  of  ammonia,  by  the  indirect  union  of  these  ele- 
ments, 18  daily  going  on  in  nature,  aod  can  even  be  efiected  by  difier- 
ent  processes  of  art.     Thus— 

1°.  When  organic  substances,  which  contain  no  nitrogen,  are  oxidized 
in  the  air,  ammonia  is  not  unfreqiiently  fonned  (Berzelios).  Hence 
it  must  be  produced  in  unknown  quantity  during  the  annual  decay  of 
all  vegetable  substances. 

2°.  When  organic  substances  are  oxidized  in  the  presence  of  air  and 
water — as  when  moist  iron  filings  are  exposed  to  the  air  (Chevaliier), 
or  when  certain  oxidized  ^bstances  are  decomposed  in  the  air  by 
means  of  potassium  (Faraday),  or  when  metals,  such  as  tin  filings,  are 
rapidly  oxidized  by  means  of  nitric  acid,  ammonia  is  also  produced  in 
variable  quantity.  Hence  the  absorption  of  oxygen,  even  by  the  iDor- 
ganic  substances  of  the  soil,  may  give  rise  to  the  formation  of  ammonia. 
But, 

3°.  The  fact  which  most  clearly  illustrates  the  production  of  am- 
monia in  nature,  both  on  the  surface  of  the  earth,  in  the  soil,  and  far  in 
the  interior  near  the  seat  of  volcanic  fires,  is  this,  that  if  a  currant  of 
moist  air  be  made  to  pass  over  red-hot  charcoal,  carbonic  acid  and  am- 
monia are  simultaneously  formed.*  This  is  in  reality  only  a  repetition 
in  another  form  of  what  takes  place,  as  above  stated,  when  vegetable 
matter  decays,  or  iron  filings  rust  in  moist  air.  The  carbon  and  the  iron 
decompose  the  watery  vapour  in  the  dr,  and  combine  with  its  oxygen, 
while,  ar  the  iiistantf  of  its  liberation,  the  hydrogen  of  the  water  com- 
bines with  the  nitmgen  of  the  air,  and  forms  ammonia. 

The  source  of  the  ammonia  evolved  in  volcanic  districts,  therefore,  is 
no  longer  obscure.  The  existence  of  combustible  matter  in  such  dis- 
tricts, and  at  great  depths  beneath  the  surface,  can  in  few  cases  be 
doubted,  and  the  passage  of  a  mixed  atmosphere  of  common  air  and 
steam  over  such  combustible  ^matter,  at  a  high  temperature,  appears  to 
be  alone  necessary  to  the  production  of  ammonia.  It  is  unnecessary* 
then,  to  have  recourse  to  doubtful  speculations  in  order  to  account  for 
the  natural  reproduction  of  ammonia,  to  a  certain  extent,  in  the  place 

*  Thto  experiment  la  ensily  performed  bjr  draating  a  current  of  mixed  atmocpheric  air 
and  aleani  ihroiiKh  a  red-hot  gun-barrel  fillad  with  well-burned  charcoal,  and  caualtif  th« 
currejnt,  on  leaving  the  l>arrel,  tu  paaa  through  water  aciduUted  with  muriaiic  acid.  Atlor 
a  time,  the  water,  on  evaporation,  will  be  foiiod  to  contain  traeea  of  sal-ammoniac.  What 
"  thnstalces  place  la  a  small  -ezp«'iimenlof  thia  kind  must  more  readily  and  more  Urgety 
take  place  in  the  interior  of  the  earth,  where  combustible  snbstancea  at  a  high  tempeniura 
happen  to  be  exposed  to  a  cnrrcnl  oratmoapheiic  air,  mixed  with  watery  vapour. 

t  A  beautiful  ilhisomtion  of  Uie  tendcnry  which  elementary  substances  have  to  unite  wtth 
each  other  at  the  itmUml  of  their  liberation  In  whnt  chemisia  call  their  naaeent  atata,  is  men. 
tioned  by  Runge.— £/7i/e/(Mn^  in  die  technische  Chemie,  p.  373. 

ir  1  p^irt  of  hydrate  of  potash  and  91)  of  icon  filings  be  heated  together,  hydrogm  only  ia 
girenof. 

If  1  oi  nitrate  of  potash  and  20  of  Iron  fillmra  be  heated  together,  nitrogen  only  itgattnt^. ' 

But  if  40  of  iron  filinirs  be  mixed  with  1  of  hydrate  and  1  of  nitrate  of  potash,  and  then 
heated,  amnumia  becomet  perceptible. 

The  nitrogen  and  hydrogen  being  given  off  together,  at  the  same  instant,  some  portioi^ 
of  each  find  themselves  in  a  condition  to  unite,  and  thus  anunonia  is  produced.    The  aami 


result  must  follow  in  many  natural  operAlona,  when  hydrogen'  and  nitrogen  are  set  fra« 
from  a  preTiooa  state  of  comblnaiion,  at  the  same  time,  and  in  the  presence  of  one  anoUier. 
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ot  that  whidi »  ooBtUnitly  oodergoitig  decomposition  by  the  agency  ol 
causes  such  as  those  above  des^biMl. 

But  is  the  iodefiniie  quantity  of  aromonHi  reproduced  by  these  indi- 
rect methods  sufficient  to  replace  all  tbat  is  lost?  Can  it  be  supposed 
to  inipart  to  plants  all  the  oitrogen  they  require  ?  These  questions  will 
be  considered  in  the  followio];  section.. 

§  5.  Cffihe  supply  ofmtric  add  to  plants. 

In  i^&rd  to  the  action  of  nitric  acid  upon  vegetation  it  is  known— 

1^.  That  when,  in  tlje  form  of  nitrates  of  soda,  potash,  &c.,  it  ic< 
spread  upon  the  soil,  it  greatly  promotes  the  growth  and  luxuriance  of 
the  crop  and  increases  its  produce }  and 

2^.  That,  when  other  circumstancs  are  favourable  to  vegetation— ai 
in  certain  districts  in  India-^the  presence  of  an  appreciable  quantity  of 
these  nitraibs  adds  largely  to  the  fertility  of  the  soil.* 

The  same  efiects  are  unquestionably  produced  by  the  addition  of  anfr 
xnonia  or  by  its  natural  presence  in  the  soil.  The  beneficial  influenoe 
of  both  compounds,  then,  being  recognized,  the  relative  extent  to  wbicli 
each  operates  upon  the  general  vegetation  of  the  globe  will  be  main- 
ly determined  by  the  circumstances  and  the  quantity  in  which  they  ret 
pectively  exist  or  are  reproduced. 

In  regard  to  the  existence  of  nitric  acid,  it  is  not  known  to  form  a 
necessary  constituent  of  any  of  the  solid  rocks  of  which  the  crust  of  the 
globe  is  composed,  but  is  difiused  ahnost  universally  through  the  soil 
which  overspreads  the  surface.  In  the  hotter  regions  of  the  eanh,  in 
India,  in  Africa,  and  in  South  America  (p.  56),  it  in  many  places  accu- 
mulates in  sufficieott  quantity  to  form  incrustations  of  considerable  thick- 
ness over  very  large  areas,  and  in  many  more  it  can  be  separated  by 
washing  the  soil.  £ven  in  the  climates  of  Northern  Europe,  it  is  rare- 
ly absent  from  the  water  of  artificial  wells,  into  which  the  raina,  aftet 
mtering  through  the  surface,  are  permitted  to  make  their  way.f 

On  Sie  whole,  nitric  acid  and  its  compounds  appear  .to  exitU  ready 
formed  in  nature,  in  larger  quantity  than  either  ammonia  or  any  of  its 
compounds. 

*  Fortbe  ibi]o«1n|[,  and  other  Intereallnf  ootices,  regarding  Indian  agriculture,  I  am  In* 
debted  to  Mr  Fteming,  of  Baeochan,  tn  Renfrevshtre,  whose  1onc  realdence  la  the  diaulett 
lo  wliich  he  allude*,  as  well  aa  ibe  iniereA  he  takea  in  pracUcal  acriculture,  reodera  hia  lea> 
liHiony  very  Talurtle : 

**  The  diattleia  ofChaprah,  Tfrhoot,  and  Bhababad,  near  PaUia.  where  a  large  poportlon 
ofihe saltpetre aent  from  Bengal  ia  produeed^are  considered  the  moat  lierUle  In  Beiutal, 
iMtidaeinrSand  aometUnes  3  crops  year!/.  The  natives  of  these  districts,  psrticulariy  a 
eaate  called  Quirees  (beredilary  gardenem),  who  cultivate  the  best  land,  and  produce  Uie 
best  crops,  are  in  the  habit  of  Irrigating  their  fields  with  water  from  wells  so  strongly  im. 
pregnated  with  saltpetre  and  other  satti  as  to  be  quite  brackish,  and  they  consider  onions, 
inmlps,  and  peas,  nsost  benefitted  by  this  Irr^ttou.  Grain  erops  also  grow  most  luxuriant* 
ly  oo  lands  yielding  salipeire,  where  there  is  enough  of  rain  within  a  week  or  two  after  tha 
seed  Is  sown,  but  If  a  drought  follows  the  sowing,  and  continues  for  3  weeks  or  a  month,  tha 
leaf  becomea  yellow,  and  the  crop  falls.  " 

"^Tbe  Hindoos  do  not  generally  mannre  their  laoda,  aa  the  dung  of  the  raule  la  uaed  for 
fiiel,  but  thie  Quirees  coUecl  the  ashes  of  cow  doug  and  uf  burned  wood,  and  uae  Itaa  a  map 
wire  in  some  cases,  chiefly  for  the  poppy  plant  . 

*»The  Hindoos  have  for  ages  been  weU  aequaittted  with  the  roialion  of  crops,  and  the  ad* 
vantaces  of  fallowing  land,  althouKh  a  great  proponion  of  the  land  Is  almost  conatauily  in 
tice,  Indian  eom,  or  millet,  during  the  rainy  aeason,  and  In  wheat  orpeaa  during  the  dry 

t  Itoecors  in  the  wens  of  the  neighbourhood  of  Berlin  (Miiseherllch).  In  the  form  of  at 
tmteaof  poutfh,  Ume,  and  msgneela,  in  the  wells  around  Stockholm,  and  may  be  expected 
in  all  walla  that  are  dug  (Berzelius).— 7Vaa«  d»  ChemfU^  !▼.,  p.  71. 
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Of  these  nitrates,  as  they  do  of  ammoma,  the  riTera  must  be  cootiim* 
ally  bearing  a  poitioD  to  the  sea,  but  there  are  in  nature  unceasing  pro- 
cesses of  reproduction,  by  which  not  only  this  waste  of  the  nitrates  is 
repaired,  but  that  further  waste,  also,  which  is  caused  by  their  absorp- 
tion into  the  roots  and  subsequent  decomposition  in  the  interior  of  plants. 
Let  us  shortly  consider  these  processes  of  reproduction. 

1°.  When  a  succession  of  electric  sparks  is  passed  through  common 
air,  nitric  acid  (NOg)  is  slowly  but  sensibly  formed..  The  currents  of 
electricity  which  in  nature  traverse  the  atmosphere  must  produce  the 
same  efllect,  and  the  passage  of  each  flash  of  lightning  through  the  air 
must  be  attended  by  the  formation  of  some  portion  of  this  acid. 

After  a  thunder-storm  plants  appear  wonderfully  refreshed ;  in  thun- 
dery weather  they  grow  most  luxuriantly,  aud  other  things  being  equal, 
those  seasons  in  which  there  is  much  thunder  are  observed  to  be  the 
most  fruitful.  Some  have -ascribed  these  results  to  the  ifnmediaU  agency 
of  electricity  on  the  growth  of  plants.— [Sprengel,  0iemie^  I.,  p.  99.] 
It  is  not  equally  possible  that  they  may  be  connected  with  this  necessary 
production  of  nitric  acid  ? 

In  the  rain  which  fell  during  17  thunder-storms,  Liebig  found  nitric 
acid  always  present  and  generally  in  combination  with  lime  and  am- 
monia. In  the  rain  which  fell  on  60  other  occasions,  he  could  detect  it 
only  twice.  In  minute  quantity  nitric  acid  is  difficult  to  detect.  How 
much  then  must  be  formed  in  a  thunder-storm,  even  in  our  climate,  to 
make  the  presence  of  this  acid  always  appreciable  in  the  rain  that  falls 
—how  vast  a  quantity  in  those  warmer  climates  where  such  storms  are 
so  frequent  and  so  appalling ! 

2^.  When  a  mixture  of  ammonia  with  oxygen  gas  is  exploded  by 
passing  an  electric  spark  through  it,  a  quantity  of  nitric  acid  is  formed, 
even  when  the  oxygen  is  not  sufficient  to  oxidize  the  whole  of  the  am- 
monia* (Bischof).  Hence,  if  in  the  air,  as  we  have  seen  reason  to  be- 
lieve, the  ammonia  given  off  from  decaying  animal  matters,  and  from 
other  sources,  be  decomposed  by  the  atmospheric  electricity, — there  will 
necessarily  be  formed  at  the  same  instant  a  portion  of  nitric  acid,  at  the 
expense  of  the  nitrogen  of  the  ammonia  itself.  This  nitric  acid  will,  as 
necessarily,  combine  with  some  of  the  ammonia  which  still  remains  in 
the  air.  Hence  the  existence  and  production  of  niiraU  of  ammoma  in 
the  atmosphere,  and  the  consequent  presence  of  this  acid  along  with  am- 
monia in  rain  water. 

Thus  the  very  cause  which  in  the  preceding  section  was  shown  to 
operate  in  constantly  diminishing  the  amount  of  ammonia  in  the  air, 
and  the  operation  of  which  certainly  renders  improbable  the  existence 
of  this  compound  in  the  atmosphere  in  the  large  quantity  supposed  by 
some  [see  especially  Liebig's  Organic  Chemistry  applied  toAgricultwret 
p.  74],  this  same  cause  is  at  the  same  moment  constantly  reproducing 
nitric  acid.  And,  though  much  of  what  is  thus  produced  must  neces- 
sarily, as  in  the  case  of  ammonia,  be  carried  down  to  the  sea  by  the 
rains,  or  be  directly  absorbed  by  the  waters  of  the  ocean  themselves,  yet 

*  It  was  shown  above  (p.  157).  that  1  of  ammonia  (  NHs  )  requires  3  of  ozyfen  to  deeom* 
pose  it,  forminf  3  of  water,  and  setting  the  niirog en  free.  But,  In  reality,  as  Bischof  ha* 
shown,  Uie  nltroffea  is  not  wholly  set  free,  tMH  a  portion  both  of  its  hydrogen  and  nitrosea 
combine  with  oxygen  (are  oxidised)  at  the  same  instant,  forming  simultaneously  both  i~' — 
<HO>,  and  Bliric  add  (  NOs  > 
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it  is  obviovs  that  io  whatever  piopoitkni  we  may  suppoM  the  ammonia 
of  the  air  to  reach  the  leaves  and  roots  of  plants,  in  no  lees  proportion 
must  the  nitric  acid,  with  which  it  is  associated,  be  enabled  to  enter  into 
the  circulating  system  of  the  various  tribes  of  living  vegetables,  that 
flourish  on  every  quarter  of  the  globe. 

3^.  Again,  we  have  seen  that,  during  the  decay  of  veffetable  substan* 
ces  in  moist  air,  ammonia  is  formed  at  the  expense  of  the  hydrogen  of 
the  water  and  of  the  nitrogen  of.  the  air.    In  consequence  ou  or  in  con- 
DectioQ  with,  such  decay,  nitric  acid  is  also  largely  produced  in  nature. 
The  most  familiar,  as  well  as  the  most  instructive  examples  of  this 
formation  of  nitric  slM  is  in  the  artificial  nitre  beds  of  France  and  the 
north  of  Europe.    These  are  formed  by  mixing  earth  of  difierent  kinds 
with  stable  manure  or  other  animal  and  vegetable  matters,  and  exposing 
the  mixture  to  the  air  in  long  ridges  or  conical  heaps,  which  are  occa- 
nonally  watered  with  liquid  manure,  and  turned  over,  to  expose  fresh 
portions  to  the  air.    After  a  time,  perbans  once  a  year,  the  whole  is 
washed,  when  the  water  which  comes  off  is  found  to  contain  a  variable 
quantity  of  the  nitrates  of  potash,  soda,  lime,  and  magnesia,  which  are 
employed  for  the  maoufaciore  of  saltpetre.    In  these  nitre  beds  it  has 
been  observed  that  the  production  of  nitric  add  either  does  not  take  plaec 
at  all,  or  only  with  extreme  slowness,  unless  animal  and  vegetable  mat- 
ter be  present  in  coo^derable  proportion.    And  yet  the  quantity  of  nitric 
acid  which  is  formed  is  much  greater  than  could  be  produced  by  the 
oxidation  of  the  whole  of  the  nitrogen  contained  in  the  organic  matters 
present  in  the  mixture.*    It  is  also  observed  that  the  nitre  beds  are  more 
productive  wheu  a  portion  from  one  outer  face  of  the  heap  is  lixiviated 
from  time  to  time,  and  ihe  washed  earth  added  to  the  other  mde,  than 
when  the  whole  is  lixiviated  at  once,  and  again  formed  into  a  heap  and 
exposed  to  the  air. 

It  apnears,  therefore,  that  organic  matters  are  in  our  climate  necessa- 
ry to  cause  the  formation  of  nitric  acid  to  commence^  but  that  after  it  has 
l>egnn  it  will  proceed  in  the  same  heap  for  an  indefinite  period,  and  at 
the  expense  apparently  of  the  nitrogen  of  ihe  air  only. 

Compost  heaps  are  in  general  only  artificial  nitre  beds,  oflen  unskil^ 
foUy  prepared  and  badly  managed,  producing,  however,  a  certain  quan** 
tity  or  nitrates,  to  the  presence  of  which  their  effect  on  vegetation  may 
not  uofreouently  be  ascribed.    To  this  fact  we  shall  hereafter  recur. 

The  soils  in  the  plains  of  India,  and  in  other  similar  spots  in  the  trap* 

ical  regions,  may  be  regarded  as  natural  nitre  beds,  in  which,  the  decay 

of  organic  matter  being  vastly  more  rapid  than  in  our  temperate  regions* 

the  production  of  nitric  acid  is  rapid  in  proportion.! 

4^.  But  in  many  localities  in  which  the  presence  of  organic  matter  is 

'  1>ania&  7)raUi  de  Chemie^  IL,  p.  T2&  Be  adds,  that  100  Ibi.  or  nitre  contain  the  oitrogea 
ofTBIbt.  of  ordinaiy  anfmal  maner,  aapposed  in  a  drj  atate,  or  of  300  or  400  IIm.  In  Ita  ordl- 

ar-«ate  of  Biolatiire,--*  mocli  poster  reladTe  piopoitloa  of  aoinal  matter  than  la  ever 
ed  to  Uie  heap, 
t  We  are  aa  jet  too  little  aoaoainted  wltii  the  natural  hiatory  of  the  diatrlct  of  Arica  io 
flouth  Amertea,  In  whieli,  aa  already  acated  (p.  66%  the  nitrate  of  soda  haa  been  acciunulateu 
in  aoeh  large  quantity,  to  be  able  to  lay  to  what  mteUA  canae  the  accumulation  la  due.  Bat 
aa,  from  the  deaeription  of  Mr.  Darwie,  the  locality  appeara  to  have  been  the  alte  of  an  an- 
cient lake,  It  la  not  onlikely  that  the  nitrate  may  have  l>een  derived  tirom  the  aucceaiivo 
yvaibhifi  of  a  aoll  atmilar  to  that  of  India,  by  aina  or  periodical  llooda,  which  for  a  loncpo- 
ftod  cmpiiMl  themsalTes  into  or  fad  the  Jaks. 
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tioc  to  be  recognized  in  aeneible  qaaotity,  the  production  of  this  acid  Is 
observed  to  proceed  with  a  coDStaot  and  steady  pace.  Thus,  from  the 
walls  of  certain  caves  in  Gey  ion  a  layer  is  yearly  pared  off,  which 

S'elds  an  abundant  crop  of  saltpetre  (Dr.  John  Davy).  The  celebrated 
amrooth  cave  in  Kentucky,  situated  in  a  limestone  lidge,  yields  an 
inexhaustible  supply  of  nitrate  of  lime.  During  the  war  with  Great 
Britain,  fifty  men  were  cqnstamly  employed  in  lixiviating  the  eanh  of 
this  cave,  and  in  about  three  years  the  washed  eanh  is  said  to  become 
as  strongly  impregnated  as  at  lirst.  Through  (he  cave  a  strong  current 
of  air  is  continually  rushins-^nwards  ia  winter,  and  outwards  during 
the  summer  months.  On  the  plaster  of  old  walls^  especially  in  damp 
situations,  an  efflorescence  of  this  and  other  nitrates  is  frequently*  ob- 
served over  every  part  of  £urope.  Jo  China,  according  to  Davis,  the 
old  plaster  of  the  houses  is  so  much  esteemed  as  a  manure,  that  parlies 
will  oflen  purchase  it  at  the  expense  of  a  coating  of  new  plaster.  Old 
cloy  walls,  and  especially  the  walla  of  clay-built  huts,  are  said  to  be 
very  fertilizing  to  the  land,  when  applied  as  a  top-dressing,  and  in  some 
parts  of  England,  where  the  land  is  poor,  the  p^ple  are  said  to  pile  np 
the  soil  in  the  form  of  walls,  in  order  to  improve  its  qtrality.  These  lat- 
ter facts  seem  to  indicate  that  both  in  China  and  England  nitric  acid  is 
produced  in  similar  circumsfatices,  and  that  to  its  production  the  feni* 
lizing  action  of  the  old  plaster,  and  of  the  weaXkered  clay,  ia  alike  to  be 
attributed* 

In  the  cultivated  soil  also,  this  acid  is  formed  in  ordinary  circum- 
stances. Braconnot  found  nitrate  of  potash  in  the  botanic  garden  at 
Nancy,  in  a  portion  of  soil  in  which  poppies  {papaver  somttifemtn)  had 
grown  luxuriantly  for  ten  years  in  succession— in  larger  quantity  in  the 
soil  surrounding  the  interlaced  roots  of  an  esclepias  tncamata^  growing 
in  an  ordinary  flower- pot,  with  a  hole  in  the  bottom — as  well  as  in  moss 
earth,  in  which  a  plant  of  eupfiorhia  hrtoni  bad  been  grown  in  ^pot.— - 
[Ann.  de  Chim.  tt  dt  Phy€.^  Ixxii.,  \i.  S3  to  35.]  There  is  little  reason 
to  doubt,  indeed,  that  nitrates  are  to  be  found,  in  greater  or  lees  quantity^ 
in  all  cultivated  soils. 

I  shall  not  enter  into  a  detailed  inouiry  how -this  nitric  acid  is  formed. 
It  is  probable  that  as  in  the  aitnoephere  ammonia  may  be  deeompoaed 
and  give  rise  to  the  formation  of  nitric  acid,  so  in  the  soil  ibis  acid  may 
result  from  a  similar  decom petition,  proceeding  more  slowly,  but  accord* 
log  to  the  same  natural  laws.  In  warm  climates,  indeed,  it  appears 
certain  that  the  ammonia  which  is  evolved  or  fhrmed  during  the  decay 
of  animal  and  vegetable  substances,  does  speedily,  and  to  a  great  extent, 
undergo  oxidation,*  and  thus  give  rise  to  the  greater  abundance  of  nitric 
acid  with  which  the  tropical  9fn\%  abound. 

Thus,  in  the  economy  of  nature,  much  ammopia  is  decomposed  intha 
soil  also,  and  hence  another  cause  for  the  constant  diminution  of  the 
quantity  of  this  compound  in  addition  to  those  already  detailed  in  the 
preceding  section. 

Bnt^  besides  the  portion  of  this  nitric  acid,  which  owes  its  existence  to 

*  For  lbs  perfect  ozidBUoii  of  1  of  unmonia,  no  leas  than  6  of  oxygen  ars  rsqniTRd.  Thus 
I  of  1  of         8  of 

ABiDiAnlB.        If ftric  Aclrf .  Water. 
^       Nib-|-60BK0f  4-  3iIO. 
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the  deoompoeition  of  ammoDia,  maclu  by  far  the  sreatest  proportion  in 
all  probability,  derives  its  origin  from  the  union  of  the  elements  of  the 
atmoiiphere  ic^lf.  This  direct  union  is  effected  in  the  air^  as  has  been 
already  shown,  by  the  agency  of  atmospheric  electricity ;  but  it  also 
takes  place  in  the  soil  during  the  oxidation  of  the  other  elements  con-> 
tained  in  the  organic  matters  which  are  there  undergoing  decay.  The 
combination  of  Uie  elements  of  ammonia  in  such  circumstances  proceeds 
on  the  principle  that  bodies,  themselves  undergoing  oxidation,  dispose 
other  substances  in  contact  with  them  (in  this  instance  the  nitrogen  of 
the  air)  to  unite  with  oxygen  also.  The  presence  of  lime,  potash,  &c 
in  the  soil,  further  induces  to  this  oxidation  by  the  tendency  of  these  sub- 
stances to  combine  with  the  acid  which  is  formed  by  this  union  of  the 
elements  of  which  nitric  acid  consists.— «It  is  impossible  precisely  to  e»* 
timate  the  quantity  of  nitric  acid  produced  in  these  various  ways*  through 
these  various  agents,  and  in  these  varied  circumstances,  or  to  balance  it 
accurately  against  the  amount  of  ammoma  continually  reproduced,  as 
we  have  seen,  in  nature,  wherever  the  necessary  conditions  present 
themselves.  But,  as  I  formerly  concluded,  that  the  amount  of  nitric 
acid  actually  existing  in  the  superficial  deposits  of  our  globe  is  greater 
than  that  of^ammonia,  so  I  think  that,  in  regard  to  the  reproduction  also 
of  these  two  compounds,  the  balance  is  in  favour  of  the  former. 

Since,  then,  nitric  acid  is  fitted,  by  the  solubility  of  its  compounds,  to 
enter  into  the  circulation  of  plants  in  any  quantity— 'since,  when  applied 
to  them,  it  does  undoubtedly  promote,  in  a  remarkable  degree,  the  growth 
of  plaais— and  since,  in  nature,  it  is  continually  reproduced  in  every 
country,  and  under  such  varied  circumstances— I  cannot  withhold  my- 
self from  the  conclusion,  that,  over  the  general  vegetation  of  the  globet 
it  holds  with  ammonia  at  least  an  equal  sway,  and  is  appointed  to  exer- 
cise at  least  an  equal  influence  over  the  growth  of  plants,  both  in  their 
natural  and  in  their  cultivated  state. 

Still  the  influence  of  each  is  not  unvaried  by  locality  or  by  climate* 
The  extent  of  dominion  exercised  by  the  nitrates  probably  diminishes  ae 
we  recede  from  the  equator,  while  that  of  ammonia  increases,— it  may 
be  in  an  euual  proportion.  The  reason  of  this  probable  variation  will 
appear  in  the  following  section.  ^ 

§  6.  Theory  of  ike  action  of  nitrie  acid  and  amnumia* 
These  two  compounds  act  so  far  in  common  as  to  yield  a  supply  of 
nitrogen  to  the  plants  into  which  they  enter.    They  do  so,  however,  un- 
der conditions  which  may  be  considerably  different,  and  may  be  attend- 
ed by  unlike  chemical  changes. 

I. — THEORY  OF  THE  ACTION  OF  NITRIC  ACID. 

1°.  The  nitric  acid  of  the  nitrates  entering  into  the  circulation  of  the 
roots  will  ascend  to  the  leaf,  and  will  there  be  decomposed  in  ihe  same 
way  as  the  carbonic  and  other  similar  adds  are,  by  the  action  of  the 
sun*s  rays.  It  is  only  in  the  light  of  day  that  carbonic  acid  is  decom- 
posed in  the  green  pans  of  plants— so  must  it  be,  generally,  with  the 
nitric  acid  which  ascends  to  the  leaf,  its  oxy|(en  will  be  given  oflT, 
while  its  nitrogen  may  be  retained  in  the  cicculatinff  system  of  the  plant. 
The  extent  to  which  this  deogmposiiioQ  will  takA  fuai:e  at  each  paasage 
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of  the  sap  thmugh  the  leaf  will  depend,  in  some  degree,  on  the  nature 
of  the  hase  (whether  potash,  soda,  or  lime,)  with  which  the  acid  ie  in 
combinarion,  but  much  more  on  the  intensity  of  the  light  to  which  the 
green  parts  of  the  plant  are  exposed,  and  on  the  temperature  of  the  air  in 
which  the  plant  happens  to  grow. 

2^.  It  is  still  uncertain  whether  this  acid  is  capable  of  being  decom- 
posed in  the  roots  or  stems  of  plants  where  it  is  excluded  (torn  the  light, 
though  it  is  very  probable  that  it  mdy  be  so,  especially  in  cases  where 
the  juices  naturally  contain  substaiices  in  which  hydrogen  is  present  in 
excess,  or  where  such  compounds  make  their  way  into  the  circulation 
of  plants  from  the  manure  that  may  be  applied  to  their  roots. 

Thus  in  the  pines,  in  which  turpentine  (C^^  H33)  naturally  abounds, 
sueh  a  decomposition  may  the  more  readily  occur,  inasmuch  as  it  would 
not  necessarily  imply  the  production  and  evolution  of  any  gaseous  sub- 
stance.   Thus 

1  of  Oil  orTuRPEWtiifE,  =  C40  H33         with  the  oxygen  of 
1  ofNiTRic  Acin{N05)    =  O,  gives 

1  of  Resiit, ;  .  =  C40  ^33    O5 

By  uniting  with  the  oxygen  of  the  nitric  acid,  therefore,  oil  ol  turpen- 
tine, in  such  trees,  might  be  changed  into  resin  during  its  passage 
through  the  stem,  while  the  nincogen,  being  set  free,  might,  at  the  mo- 
ment of  its  liberation,  unite  with  other  elements  to  form  those  parts  or 
productions  of  the  tree  into  which  this  element  enters  as  a  necessary 
constituent. 

The  above  must  be  considered  merely  as  an  illustration  of  the  kind  of 
changes  which  may  possibly  take  place  in  the  interior  of  certain  plants, 
and  in  the  absence  of  light,  when  the  nitrates  happen  to  be  present. 
Were  I  to  affirm  that  such  changes  actually  do  occur  in  the  presence 
of  nitric  acid,  the  theoretical  chemist  would  have  a  right  to  expect  that 
several  collateral  questions  should  be  discussed,  the  consideration  of 
which  would  here  be  out  of  place. 

3°.  The  nitrates  may  also  act  in  another  way,  which  does  not  involye 
the  necessity  of  the  total  decomposition  of  the  acid  they  contain.  We 
know  that  in  nature  many  substances  are  capable  of  inducing  chemical 
changes  in  other  compound  bodies,  without  themselves  undergoing  de- 
composition. Some  beautiful  illustrations  of  this  have  already  been 
given  in  a  previous  lecture,  when  treating  of  the  action  of  sulphuric  acid 
upon  starch  and  woody  fibre,  [Lecture  VI..  pp.  113,  114.]  But  the  fact 
which  most  immediately  bears  oiuthe  influence  of  the  nitric  acid  in  the 
living  plants  is  that  mentioned  in  p.  126,— that  by  solution  in  this  acid 
in  the  cold,  starch  is  converted  into  a  substance  having  the  composition 
of  woody  fibre.  In  the  interior  of  the  plant  changes  of  this  kind  may 
be  produced  by  simple  contact  only,  with  the  nitric  acid,  so  that,  with- 
out being  decomposed,  it  may  be  materially  serviceable  in  promoting 
those  molecular  changes  which  are  necessary  to  the  healthy  and  rapid 
growth  of  the  plant. 

II.— TBKORT   OF  THE  ACTION   OF  AMMOIVIA. 

1^.  Ammonia  is  capable  of  cootributinff  to  the  growth  of  the  plant, 
by  means  of  the  faydiogeD,  as  well  as  of  the  nitrogen  it  contains.    We 


18  AMMONIA  DSCOHPOSED  IN   THB  DAMK  ?  165 

baTo  seen  [notes  to  pages  136  and  138,]  that^  according  to  the  results 
of  the  best  experiments,  the  whole  of  the  oxygen  of  the  carbonic  acid 
absorbed,  is  not  given  off*  b^  the  leaves  of  ail  plants  even  in  the  sun- 
shine,— ^while  in  the  dark  this  gas  is  largely  and  directly  imbibed  from 
the  air.  If  in  the  sap  of  a  plant  there  be  present  at  the  same  time  a 
quantity  of  ammonia,  the  hydrogen  of  this  ammonia  may  unite  directly 
with  the  oxygen  of  the  carbonic  acid,  forming  water  and  a  proportionate 
quantity  of  one  or  other  of  the  several  compounds  (p.  118),  which  may 
be  represented  by  carbon  and  water.    Thus 

3  of  Carbonic  Acid,  =  C^        Og  and  the  hydrogen  of 

2  of  Ammonia  (NH,)=:       H. 

-^— — — .        XofOnps  8of 

8ii|v.  Water. 

giv C,  Ha  0«  =  C,  a,  O,  +  3HO 

so  that  where  ammonia  is  present,  and  circumstances  are  favourable, 
sugar  or  starch  may  be  formed  in  variable  quantity,  without  the  neces- 
sary evolution  of  oxygen  gas.  This  change  will  take  place  in  the  inte- 
rior of  the  leaf.  And,  if  the  direct  decomposition  of  carbonic  acid,  and 
the  evolution  of  its  oxyeen  by  the  agency  of  the  sun,  take  place  at  the 
same  time— with  a  rapidity  proportioned  to  the  intensity  of  the  light,— 
this  simultaneous  production  of  sugar,  &c.,  from  the  presence  of  ammo- 
nia, must  aid  the  increase  and  growth  of  the  plant;  and  may  be  one 
main  cause  of  the  fertilizing  action  of  this  compound,  which  has  been  so 
long  and  so  generally  recognized. 

When  the  hydrogen  of  the  ammonia  is  thus  worked  up,  the  quantity 
of  oxygen  which  escapes  from  the  leaf  must  be  less  in  proportion ;  and 
hence  another  cause  (p.  138)  for  those  discrepancies  wbicn  have  been 
observed  in  regard  to  the  bulk  of  oxygen  given  oS*,  compared  with  that 
of  the  carbonic  acid  taken  in,  b^r  the  leaves  of  different  plants. 

But  at  the  same  time  the  nitrogen  is  set  free.  Tnis  nitrogen  will 
either  be  again  compounded  in  the  plant  with  other  elements,  or,  if  not 
required  for  its  healthy  growth — that  is,  if  more  largely  present  than  is 
required  by  the  plant— it  will  be  directly  emitted  by  the  leaves,  or  sent 
dowowanis  and  permitted  to  escape  by  the  root.  Hence  the  reason 
why  pure  nitrogen  is  evolved  from  the  leaves  of  some  plants  (p.  95), 
and  why  ammonia  exercises  a  beneficial  action  upon  vegetation,  in 
cases  where  all  the  nitrogen  it  contains  is  neither  retained  nor  required 
by  the  plant. 

Does  this  decomposition  necessarily  require  the  agency  of  light? 
May  it  not  take  place  in  the  absence  of  the  sun  ? 

I  will  mention  one  or  two  facts  which  seem  to  throw  light  upon  this 
point. 

1^.  Plants  grow  in  the  dark.  Though  feeble  and  blanched,  they  in- 
crease largely  in  bulk ;  they  must,  therefore,  have  the  power  of  assimi- 
lating their  food  to  a  certain  extent,  independent  of  die  gun's  rays* 

2^.  Several  species  of  Poa,  Plantago,  Trifolinm  arvense,  Cheiran- 
thus,  &c.<,  become  green  in  the  perpetual  darkness  of  mines  (Hum- 
boldt). 

3<>.  When  a  little  hydrogen  is  mixed  with  the  air,  plants  become 
greenish,  even  in  the  dark  (Sennebier)  ;  and  when  expoied  to  the  sun, 
the  green  becomes  unnsually  intense  in  such  a  mixtuze  (Ingeohouss). 
8 
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The  iin mediate  and  visibb  effect  of  aa  application  of  ammonia,  or  of 
floot,  or  of  any  top-dressing  containing  ammonia,  is  to  render  the  green 
colour  much  more  intense,  and  in  the  darkest  weather.  It  is  therefore 
probable,  I  think,  that  the  hydrogen  of  the  ammonia  oontributes  to  this 
immediate  effect,  and  that  the  ammonia  itself  may  be  decomposed  and 
its  elements  appropriated  to  the  noarishment  o€  the  living  vegetable, 
either  by  the  unaided  vital  powers  of  the  plant,  or  in  the  presence  of  a 
feeble  light  only.  Like  water,  ammonia  i» peculiarly  liable  to  decom- 
position, not  always  of  that  perfect  kind  which, ^br  (fie  sakeofsinyaliciiyf 
1  have  endeavoured  to  explain  in  the  present  lecture,  yet  such  as  to  ren- 
der the  elements  of  which  it  consisu  available  to  the  general  nouriah- 
ment  of  the  plant* 

§  7.  Comparative  infliLenee  of  nitric  acid  and  of  ammonia  in  different  * 
climates. 

It  follows,  from  what  is  above  stated,  that  the  beneficial  influence  of 
ammonia  upon  vegetation  will  be  readily  perceived  in  all  climates  in 
which  plants  are  found  to  flourish.  Its  eflects  will  be  greater  and  more 
rapid  where  the  heat  and  light  are  more  intense,»only  because  by  these 
agents  the  functions  of  all  life  are  stimulated. 

Not  so  with  the  nitric  acid  in  the  nitrates.  In  the  presence  of  organic 
compounds,  that  is,  in  the  sap  of  the  plant,  it  is  less  easily  decomposed 
than  ammonia.  It  requires  the  interference  of  more  powerful  agents— 
of  a  higher  temperature,  or  of  more  brilliant  Ugbt, — and  thus  its  efl^cacy 
upon  vegetation  will  be  more  dependent  upon  season  and  climate. 

Now,  we  have  seen  that  in  tropical  countries  the  nitrates  are  produced 
in  the  greatest  abundance,  and  there  the  high  temperature  and  the  bril- 
liant sun  should  render  them  most  useful  to  vegetation.  Such  is  well 
known  to  be  the  case,  and  it  may  be  regarded  as  one  of  those  bountiful 
adaptations  with  wluch  all  nature  is  full— that  in  these  warmer  regions, 
the  ammonia  produced  in  the  soil  is  first  converted  into  nitric  acic^  that 
it  may  remain fixed^  and  that  this  acid  again  is  decomposed  by  the  same 
agents  (light  and  heat),  when  it  enters  the  living  plant,  and  is  required 
to  minister  to  its  growth.  .On  the  other  hand,  it  may  no  less  be  regarded 
as  a  wise  provision,  that  in  colder  and  more  uncertain  climates,  where 
warm  and  brilliant  summers  are  less  to  be  depended  upon,  that  com- 
pound of  nitrogen  (ammonia)  should  more  abound,  which  is  most  easily 
decomposed  in  the  living  plant,  which  is  fitted  in  comparative  darkness 
to  yield  up  its  nitrogen,  and  by  the  hydrogen  it  contains,  to  cdmpensate 
in  some  slight  degree  for  the  partial  absence  of  the  sun's  rays. 

From  these  views,  therefore,  we  should  draw  this  further  practical 
conclusion— -that  in  our  climate,  ammonia  is  sure  to  promote  v^;etation, 
and  in  every  season,  while  the  nitrates  will  produce  their  maximttmeflect, 
othei  things  being  equal,  in  such  only  as  have  abundant  warmth  and 
sunshine.  Is  this  conclusion  consistent  with  observation?  Will  it 
serve  to  explain  any  of  the  apparent  failures  which  have  occasionally 
been  expenenced  in  the  employment  of  the  nitrates  7 

§  8.  Stimulating  influence  of  these  compounds* 
There  remains  one  other  point  in  regard  to  the  effect  of  these  two 
eompounds  upon  vegetation,  to  which  I  would  request  your  flUf^ntJOfti 
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Weliav^  seen  that  the  quantity  of  nitrogen  contained  in  a  crop  raised 
by  the  aid  of  ftrm-yard  mannre,  is  very  much  greater  than  that  which 
eziats  in  the  manure  itself,  and  the  views  just  exnosed  serve  to  indicate 
die  sources  frois  which  the  excess  is  derived.  But  suppose  that  upon 
two  patches  df  gmund,  of  equal  quality,  the  <me  of  which  is  manured 
mod  the  tHher  not,  equal  quantities  ef  the  same  seed  he  sown,  it  is 
ieonmstent  with  expenence---chat  the  crop  reaped  from  the  manured 
portion  w^l  mft  mAy  contain  more  nitrogen  than  that  reaped  from  the 
Qnmannred  pertion,  hat  so  much  raove  As  sAiall  considerably  exceed  that 
contained  in  the  manure  itself.  Thus  suppose  the  crop  raised  from  the 
onroanured  land  to  contain  100  lbs.  of  nitrogen,  and  that  the  manure  laid 
t)n  die  other  portion  contained  100  lbs.  also,  the  crop  which  is  reaped 
ivom  this  latter  portion,  in  favourable  seasons,  will  exceed,  and  probably 
very  far  exceed,  200  lbs.  Hence  the  efiect  df  the  ammonia,  &c.,  in  the 
ftrm-yani  manure,  is  not  merely  to  yield  its  own  nitrogen  to  the  plant, 
but  to  enable  it,  in  some  way  hitherto  unexplained,  to  draw  from  other 
floarces  a  Iti^ger  poiiion  df  the  same  element  than  it  would  <otherwise  do. 
So  also  with  the  nitrates.  If  two  equal  portions  of  the  same  e;ra8s  or 
^fiom-field,  in  early  sprins,  be  measured  off^  and  one  of  them  he  top- 
dressed  with  nitrate  of  soda  or  with  saltpetre,  the  weight  df  nitrogen  con- 
tained in  the  crop  of  hay  or  com  reaped  from  the  latter,  will  generally 
be  fbnnd  to  exceed  that  contained  in  the  crop  from  the  ibnner,  by  a 
quantity  mtieh  greater  than  that  whrdi  was  firesent  in  the  nitrate  with 
which  the  land  was  dressed.*    In  addition,  therefore,  to  the  nitrogen  di- 

*  The  fDleviiif  caleulattoiM  Ulaatnte  (he  staleiiMM  itt  tKe  test.— Mv.  Qraf,  of  IMlMoa, 
ffaee  ^oornal  of  %7«l  Ep^lMi  AgricuUurd  Society  J  sfipUed  nUnue  of  ee^a  to  fnwe  lead  la 
-  the  pfoponloo  of  liz  Ibe.  to  ibe  ecre. 

ThepeoitoeewMioiitaHfeteMMianlBdiDttpBe  dl  Hones 
wUh  112  Ike.  of  iiitnte  to  3  lens  146  eumes 


I  ton    W  mneoii    er  3110  Ibe. 
^  112  =s 2BH Ibe.  the f ecreeee of hej  (roee eactin>«nd ef niintoof sode.*^    Bet el- 
lowing  thie  lay  to  eoatein  oolr  ooe  per  cent  ef  nltrof  e«,9B  Ibe.  will  cootelo  4X  otioeee  of  ni> 


mffen,  which  ie  neerif  dnttble  the  queniUy  actoally  preeent  hi  the  nitnte  enpi 

Jkfrin,  teOie  eMeof  a  cnp  ofgnilii— Hr.  Syett  enUed  eltAte  of  eodeto  e  fl 

andcompertd  the  produce  wMi  thei  fioai  en  equal  p  :rUon  to  which  no  tdp 

oeiH.  enuw. 

BubIl    pks.   pie.  Cwt    qra.    Ibe. 

Nitrated 43      ^       fl  31       S        3 

Wkhoat  nlmSi   .   .   83      8        6  SB      1      « 


^xceee,       10 .    a        B  8    -0      10 

Odeuieiti«  Che  bethel  of  con  et  •  Ibe^  the  eM«M  of  eofa  eaMwied  lean  IbA,  cootaMa^ 
JHM9«r  cent,  er  147  Ibe.  of  fleiea  end  elbiimeii.  The  attfef en  la  iheee  eabiieiicee,  whea 
jmpMf  dried,  ie  from  IS  to  I7>per  cent  If  we  roppoee  the  ghiten  not  to  have  been  quHa 
aiy,  end  illow  only  14  per  cent  of  oiiraffeB,  147  Ibe.  woakl  eoofalo  WH  Ibe.  of  thle  eleaeat 
■ot  Ibe  aitmed  torn  ^oaiela^d  S  per  aant  mmm^han  end  dbuaien  then  the  tta-nltrK«d, 
which  In  33  boehele  (2000 Ibt.)  ^ree  lOOIbe.  of  fbtten  In  exceei,  conieininf  14  the.  ef  nitrogen. 
And  8  cwt  of  iinwCSOO  Ibe.)  eontateed  oneHhlrd  ef  a  per  cent  of  Bttrogen,t1io«atlQga«lt,] 
«r  in  all  3  Ibt. 

Therrfbre  ihe  quantity  of  nitvogcn  preeeot  hi  ttie  nitratdd  ciop  dtove tbalia  the  lui.niirated 
waeee  foHowt : 

lo.  Io0QOIbe  ofwheatelM)4pereentefghilea  .                        .   «X  Ibe.  NRvofea. 
S9.  ln20U0  Ibe.  of  wheat  al3  percent  of  fhienconarinedloezeeai,    14     Ibe.     do. 
8^.  In9001be.ef  sifawatooe-thlrdpereent    . 3    Mm.     de. 

TofilBllrofm s^lbe. 

Bnt  the  mtrofen  hi  1  ewt  ef  diy  Biliate  of  eoia,  ei  aheedy  etated,  Ie  only  19  lbt.orltda 

(>  I»qraliiaieereodeeontelneebo«tMi(pereeBtofDitroceB,hefnffl9]be.4othe  cwt, 

ortweendthree>flAhoaaeeelotheno|iod;  bat  ae  It  Ie  ueuatty  eppUed,  It  eontatae  firom  6  le 

S3  per  cent  nf  water.  ThenltrDiea,cbei«foce,BiaybeealiButedatikXoaMiiBthepoaBd.] 
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rectly  eoQveyed  to  the  pUmi  by  these  nitrates,  they  atoo  ezeiciw 

other  influence,  by  which  they  enable  the  living  vegetable  to  draw  fiou 
Datural  sources  a  much  larcer  supply  than  they  would  otherwise  be 
capable  of  doing.    What  is  this  iofluenoe,  and  how  is  it  explained  T 

This  I  suppose  lo  be  that  kind  ofiafluence  to  which  writers  on  agri- 
culture are  in  the  habit  of  alluding,  when  they  speak  of  certain  sufastan- 
ces  stimuUUiMg  plants,  or  acting;  as  stmuUnUs  to  their  growth,  though  thei 
term  itself  conveys  to  the  mind  no  distinct  idea  of  the  mode  of  operatioQ 
intended  to  be  indicated— of  the  way  in  which  the  effect  is  proouoed. 

In  the  present  case,  this  special  actioo  of  ammonia  and  the  nitrates* 
and  perhafis  also  of  immediate  applications  of  manure  in  general,  ap- 
pears to  arise  from  their  a0brding  to  the  plant,  io  its  early  youth,  a  copi- 
ous supply  of  nitroffenoiis  food,  by  which  it  is  enabled  at  once  to  shoot 
out  in  a  more  healtby  and  vigorous  raanoer.  It  thrusts  forth  loots  in 
greater  numbers,  and  to  greater  distances,  and  is  thus  enabled  to  extract 
nourishment  from  a  greater  extent  and  depth  of  soil  than  is  ever  reached 
by  the  sickly  plant-^t  expands  larger  and  more  numerous  leaves,  and 
thus  can  extract  from  the  air  more  of  every  thinf  it  contains  which  is 
fitted  to  supply  the  wants  of  the  living  vegetable ;  as  the  stout  and 
healthy  savage  can  bunt  and  fish  to  support  maoy  lives,  while  the  feeble 
or  sickly  can  scarcely  secure  sustenance  for  himself  alone.  Feed  a  wild 
animal  well  the  first  few  months  of  its  life,  and  you  may  set  it  loose  t» 

grey  for  itself;  starve  it  in  its  infancy,  and  its  growth  and  strength  will 
B  stunted,  and  it  may  lead  a  wretched  and  hungry  life. 
Even  in  soils,  then,  and  situations,  which  ara  capable  of  yielding  to 
the  plant  every  thin|^  it  may  require  4br  its  ordinary  srowih,  it  is  an  un* 
portant  object  of  the  art  of  husbandry  to  discover  what  substances  aro 
especially  ne€e$»anf  or  grateful  to  particular  crops,  and  to  appl^  these 
directly^  and  in  abundance^  to  the  new- bom  plant,— -in  order  toat  it  may 
acquire  sufficient  stren^h  to  be  able  to  avail  itself  in  the  greatest  degree 
of  the  stores  of  food  which  lie  within  its  reach. 

Qmduding  oh§€rwa(ian$  ngardmg  the  crganie  eandiiuenU  ef plants. 

We  have  now  considered  the  most  important  of  those  questions  con- 
nected with  the  organic  elements  of  plants,  which  are  direcdy  interesting 
to  the  practical  agricnhurist.    We  have  seen — 

1°.  That  all  vegetable  productions  consist  of  two  part»— one  the  or- 
ganic part,  which  is  capable  of  being  burned  aVay  in  the  air — the  other* 
the  inorsanic  part«  which  remains  behind  in  the  form  of  ash. 

2^.  That  this  organic  part  consists  of  carbon,  hydrogen,  oxygen,  and 
nitrogen  only. 

3^.  That  plants  derive  the  greater  part  of  their  carbon  from  carbonic 
acid,  of  their  hydrogen  and  oxygen  from  water,  and  of  their  nitrogea 
from  ammonia  and  nitric  acid. 

4^.  That  by  far  the  largest  portion  of  those  substances  which  form 
the  principal -mass  of  plants,  such  as  starch  apd  woody  fibre,  consists  of 
carbon  united  to  oxygen  and  hydrogen  in  the  proportions  in  which  they 

nor*  than  hftlfUie  qpaiUttj,  which  In  eonaeqaeMe  oTthe  preaenea  and  aetion  ofthe  nlmto 
the  wheat  waa  enahied  to  obcalo  and  approfuiata  above  the  quanUty  appropriatod  hy  Um 
Wheat  In  the  an-nltnted  part  of  the  Iteld. 

b  requfa^Do  further  proof,  Siorefore,  to  ahowthat  the  nttrutM  tfmda  ttttdthenitntm  mmtt 
art  trnwrnmiotkatwaifinr^fitiimu  »w^atatfw»,l>awAyw'wj'<y  ■iijfrfi>ii^  g.yn<p«tf  wftrtinn. 
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exist  in  W8ter,-Hirf  in  other  wndt,  may  be  repraaented  by  caibon  and 
water  in  variooB  propoitioas. 

6^.  That  the  food  on  which  they  Uve  enters  by  the  roots  and  leayea 
of  plants,— that  the  leaves,  under  the  inflnenoe  of  the  son,  decompose 
the.  carbonic  add,  give  off  its  oxygen,  and  retain  its  carbon,— and  that 
this  carbon,  uniting  with  the  elementsof  water  in  the  sap,  forms  those 
aereral  compounds  of  which  plants  chiefly  consist. 

6^.  That  the  supply  of  carbonic  acid  m  the  atmosphere  is  kept  up 
partly  by  t^e  respiration  of  animals,  partly  by  the  natural  deca^  of  dead 
vegeuible  matter,  and  partly  by  combustion.  That  anmionia  is  sup- 
plied to  plants  chiefly  by  Uie  natural  decay  of  animal  and  vegetable 
eub6tance»— and  nitric  acid  partly  by  the  natural  oxidation  of  d^d  or- 
ganic matter,  and  partly  by  the  direct  union  of  oxygen  and  nitiogen* 
uuough  the  agency  of  the  atmospheric  electridty. 

7^.  That  while  both  of  these  compounds  jield  nitn>gen  to  plants,  they 
each  exhibit  a  special  action  on  vegetable  life,  in  virtue  of  the  hydrogen 
and  oxygen  they  respectively  contain— and  exercise  also  a  so-caUed 
iHmulating  power,  by  which  plants  are  induced  or  enabled  to  appro- 
priate to  memselves,  from  other  natural  sources,  a  larger  portbn  of 
•11  their  constituent  elements  than  they  could  otherwise  obtain  ot 
assimilate. 

In  illustrating  these  several  points,  it  has  been  necessary  to  enter  oc- 
casionally into  details  which,  to  those  who  have  heard  or  may  read  only 
the  later  lectures,  may  not  be  altogether  intelli^ble.  I  am  not  awaro, 
however,  of  having  introduced  any  thing  of  which  the  full  sense  will 
not  appear  on  a  reference  to  the  statement  by  which  it  is  preceded. 

We  are  now  to  consider  the  ifiorgame  constituents  of  plants,-^heir  na- 
ture,-—the  source  (the  soil)  from  which  they  are  derived,-^heir  uses  in 
the  vegetable  and  animal  economy,— bow  the  supply  of  these  substan- 
ces is  fept  up  in  nature,-^nd  how,  in  practical  husbandry,  the  want  of 
them  majT  be  at  once  ejfcadaudy  and  eeonomieally  nipfflied  hy  art* 
Thii  division  <>f  our  subject,  though  requiring  a  previous  knowledge  of  the 
prindples  discussed  in  the  jRiregdng  lectures,  will  be  more  essentially 
of  a  practical  nature,  and  will  lead  us  to  consider  and  illustrate  tlie 
great  leading  prindple  by  which  the  practical  agriculturist  ought  to  be 
guided  in  the  cultivation  and  improvement  of  his  land. 

We  shall  here  also  find  mnch  li^ht  thrown  upon  our  path  by  the 
results  of  geological  inquiry ;  and  it  is  in  the  considerations  I  am  now 
about  to  bring  b^nre  you,  that  I  shall  have  to  ^&nct  your  attention  most 
especially  to  the  prindpal  applications  of  Geolofy  to  Agriculture. 
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ON  THE  INORQANIC  ELEMENTS  OF  PLANTS. 


LECTURE  IX. 

MHaale  ewiamuenhi  of  ^wtebia  mfcitenetfc— W  <iiH»e  pioiiortloM  of  oivuiieand  loor- 
pule  maitar  ia  piaola.— UoUke  proportioiifl  ia  unlike  tpoclM.-- Kind  of  inorfuilc  nuutM 
whieh  eHMiMln  diffierent  •pecie&— KaturoAod  piofWrthM  of  the  mtomI  tnofgantc  oleflMB 

tarv  hArilaa  fimnrf  In  nlABt*. 


Tbs  coDfideratioB  cf  the  tnorgamc  oonstituents  of  plants  is  no  \em 
important  to  the  art  of  culture  than  the  study  of  their  organic  elements, 
which  has  engaged  oar  m^  atteotioo  in  the  preceding  part  of  these  lee* 
tures. 

It  has  already  been  shown  that  when  vegetable  substances  are  heated 
ID  redness  in  the  air,  the  whole  of  the  so-called  organic  elements— car- 
bon, hydrogen.  Oxygen,  and  nitrogeor—afe  burned  away  and  disappear ; 
while  there  remains  behind  a  fund  portion,  commonly  called  the  asbv 
which  does  not  bum,  and  which  ia  roost  cases  undergoes  no  diminution 
when  exposed  to  a  red  heat*  This  ash  constitutes  the  inorganic  portioa 
«f  plants* 

The  organic  or  combustible  part  of  plants  constitutes,  in  general, 
ftom  88  to  99  per  cent,  of  their  whole  weight,  even  after  they  are  dried. 
Hence  the  quantity  of  ash  left  by  vegetable  sttbstaaces  in  the  greea 
state  is  often  exceedingly  small.  It  therefore  long  appeared  to  many, 
that  the  inorganic  matter  could  be  of  no  essential  or  vital  conseqpienco 
to  the  plantp— that  being,  without  doubt,  derived  from  the  soil,  it  was 
fmly  Accidentally  pre8ent,«*-««nd  that  it  nsight  or  noight  not  be  contained 
in  the  juices  and  solid  paru  of  the  living  vegetable,  without  materially 
affecting  either  its  growth  or  its  luxuriance* 

Were  this  the  case,  however,  the  ^aaatky  and  quality  of  the  ash  left  by 
the  same  plant  should  vary  with  the  soil  ia  which  it  grew.  If  one  soli 
contained  much  lime,  another  much  magnesia,  and  a  third  much  potash, 
whatever  plant  was  grown  upon  these  severid  sMIs  should  also  Contain 
in  greatest  abundance  (he  lime,  the  magnesia,  or  the  potash,  which 
abounded  in  each  locality— and  the  nature,  at  least,  of  the  ash,  if  not 
its  proportion,  should  be  nearly  the  same  in  every  kind  of  plant  which 
is  grown  upon  the  same  soil. 

Careful  and  repeated  experiments,  however,  have  shown-^ 

1^.  That  on  whatever  soil  a  plant  Is  grown,  if  it  shoots  up  in  a 
healthy  manner  and  fairly  ripens  its  seed,  the  qiftntity  and  quality  of 
the  ash  is  nearly  the  same ;  and 

2^.  That  though  grown  on  the  same  soil,  the  quantity  and  quality  of 
the  ash  left  by  no  two  species  of  plants  is  the  same-»attd  that  the  ash 
difiers  the  more  widely  in  these  respects,  the  more  remdte  the  natural 
aCElnities  of  the  several  plants  from  which  it  may  have  been  derived. 

Hence  there  is  no  longer  any  doubt  that  the  inorganic  constituents 
contained  in  the  ash  are  really  essential  parts  of  the  substance  of  plants, 
—that  they  cannot  live  a  healthy  life  or  perfect  all  their  parts  without 
them, — and  that  it  is  as  much  tne  duty  of  the  husbandman  to  supply 
these  inorganic  subsunces  when  they  are  wanting  in  the  soil,  as  it  haa 
always  been  considered  his  peculiar  care  to  phu^  withm  tha  reach  of 
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the  smwisf  plant  tfaoM  deeayiog  Tegetable  nwtten  which  an  matf 
likefy  liysilbply  it  #ith  otgantic  food. 

For  fhtt  ftiU  estafolishoi^  d^^  tev  we  are  indehiei}  to  SpreogeU 
Othen,  aa*  Da  Sainsuire,  tefto  pdMeind  mmj  important  and  Terv  a8»- 
fu]  analym  af  th«  ioorganic  matten  left  bv  planta,  but  for  the  illastra-' 
tioQ  of  the  ^pottant  practical  bearing  of  tbia  fcnowledae  of  tiieir  inoa- 

Snic  oonflfkacDt^  on  the  atdianry  prbcenea  of  agricHkard,  we  are,  I 
lieve,  in  a  gff^  ii^wgaame  iadabtad  to  the  Wrifingi  and  aomemoa  aaay 
lytical  researches  of  Sprengel. 

It  !•  difficah  to  conceive  the  estent  to  which  the  adnwwon  of  the  ea« 
aeaiial  natare  and  emiacant  (pMriity  of  the  iaorganic  matter  eomained  is 
plaats,  mint  neccawMHy  mcmfy  cur  awiaar  and  legolaia  oar  ptactioe  io 
every  branch  of  agrica4^irt' e.-  U  eetablisbee  a  clear  relatiofn  between  tikar 
lund  aad  qaality  o(  ther  crop;  aad  the  aatnre  and  chemical  compeeitionr 
<if  the  Mtt  in  which  it  yewa  Ht  dtonnabMBawhe^  eeiia  eugbl  ioco»- 
tain,  aad,  therefore;  how  ibey  are  to  be  iipproved«4t  ekplains  the  efieofl 
of  some  aaaaareaitt  perniaaeaily  ifailigiiify  and  of.  some  cropa  in  per* 
Diaaeatljr  latpoveriBhing  tiir  aml-nl  ilhtttrates  the  aeiiov  ef  mincnl 
eubstances  apaa  the  plant*  and  showa  how  it  naay  be,  aftid  leaiiy  ia*  ia-fli 
certain  meaaane^y&^f  by  the  dead  eanfrf  ■o^ef  neai^y  all  the  operatioaa 
of  agricvltaiie,  iadeed^  it  Ihiowe  w  »nf  aall  ataetpeeted  light.  Of  thta*  I 
am  confident,  won  wilt  be  folly  MNMtod'When  I  shall  have  diseasaed  ther 
various  topies  t  aat  ts  biing  before  yew  iw  tiie  pieaenc  pan  of  my  leotnata^ 

^  !•  Of  the  rdtOiat  jpinportion$  cfinorganiefMUUr  in  different 
vegUalde  mkt^mmu^ 
As  aJba««  autted,  llha  iaotgaaic  roattaf  eaninhked'  iie  diiSeiem  vegetaUr 
fmxiaetioas  varies  fnoi  I  lo  12  per  oaar^  of  their  wfaoler  wdafat.  Tb^ 
following  table  exhibits  the  weight  of  nik  kft  by  ^00  lbs.  of  the  mora 
commonly  cultivated  plaKs  amooidiBg  lo^  te  analyses  of  Sprengel 
iOtemitt  vol.  M.,  passiml :— • 

Potato    •    •    •    r    •     0^83  lbs. 


Perot 

Wheat      .    •  1-iaibs. 

Kye     •    .    •  104 

Barley      .    .  2*35 
Do.  dried  at  213, 2-52  X 

Oau     .    .    .  2-58 

Field  Beans  •  214 

«—  Peas    .  2-46 


Dryitniwof         Perct 

'Whbat 

.    .     3-51  lbs. 

<^ats     • 

.     .    6-74 

Barky . 

.     •    6-24 

Rye     . 

.     •    2-79 

Beans  .    ^ 

.     •    3-12 

Peas    .. 

.     .    4-97 

Turnip 
Do.  white  • 
Carrot  .  •  . 
Parsnip .  .  . 
LeafofPouto 
—-Turnip  . 
'  do.  white 

Carrot 

—«- Parsnip 
—  Cabbage 


Lucerne     .    . 
Red  Clover     . 
While  Clover 
Rye  Grass  .     . 


0-63 
0-8   J. 

0-82 


DfWinafr.' 
2-65  lbs. 
7-05' 


1-8 

2-18/. 
1-98 
300» 


5-0^ 
4-34 

2*9t 

10-42 

15-76 

7-5^ 


OreeD. 

1-67 
1-74 
1-69 


In  haj. 
9-55  lbs 
7-48 
9-13 
^3 


.Ofttwi 
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In  the  parts  of  tieet  dried  in  the  air  Ui«r«  are  twid  of  iwnganki 
matter^ 


Wood. 

Leavet. 

Wood. 

LaaTWk 

In  the  Elm      . 

.    1-88 

11-8 

In  the  Oak      .    .    0-21 

4*5 

WiUow 

.    0-46 

8-23 

Birch   .     .     0-34 

6-0 

Poplar  . 

.     1-97 

9-22 

Pitch  pine      0-25 

315 

Beech   . 

.    0-36 

6-69 

Comm.  furze  0*82 

31  J. 

In  lookiag  at  the  preceding  tables,  you  cannot  fail  tp  be  struck  with 
one  or  two  poinlSv  which  they  place  in  a  very  clear  li^ht. 

1^.  That  the  quantity  of  inorganic  matter  contained  in  the  saroo 
weight  of  the  difierent  crope  we  raue^  or  of  the  ditferent  kinds  of  vegeta- 
ble food  we  eat,  or  with  which  our  cattle  are  fed,  is  very  unlike.  Thus 
100  lbs.  of  barley,  or  oats,  or  peas,  contain  twice  as  much  inorganic 
(earthy  and  saline  matter,  that  is,)  as  an  equal  weight  of  wheat  or  rye— 
and  tlie  same  is  the  case  with  lucerne  and  white  clover  hays,  compared 
with  the  hay  ol*  lye  grass. 

2^.  The  quantity  contained  in  diflerent  parts  q(  the  same  plant  Is 
omially  unlike*  Thus  100  lbs.  of  the  grain  of  wheat  leave  only  14  lbs. 
of  aah,  while  100  lbs.  of  wheat  straw  leave  3^  lbs.  So  the  dry  bulb  of 
ibe  turnip  gives  only  7  per  cent*,  while  the  dry  leaf  leaves  13  per  cent, 
of  ash  when  it  is  buroe^].  The  dry  leaves  of  the  parsnip  also  contain 
nearly  16  per  cent.,  though  in  its  root,  when  sliced  and  dried  in  the  air, 
there  are  only  4^  per  cent,  of  ioorganic  matter. 

In  trees  the  same  fact  is  observed.  The  wood  of  the  e^  contains 
leas  than  2  per  cent,,  while  its  leaves  contain  nearly  12  per  cent* ;— the 
wood  of  the  oak  leaves  only  (ih  of  a  per  cent.,  while  from  its  leaves  H 
per  cent,  or  22  times  as  much  are  obtained.  The  leaves  of  the  willow 
and  of  the  beech  also  contain  about  twenty  times  as  much  as  the  wood 
of  these  trees  does,  when  it  has  been  dried  under  the  sarns  conditions. 

These  difierences  cannot  be  the  result  of  accident.  They  are  con- 
staiy  on  every  soil,  and  in  every  climate ;  they  must,  therefore,  have 
iheir  origin  in  some  natural  law.  Plants  of  di^erent  species  must 
draw  from  the  soil  that  proportion  of  inorganic  matter  which  is  adapted 
to  the  constitution,  and  is  fitted  to  supply  the  wants  of  each.;— while  of 
that  which  has  been  admitted  by  the  roots  into  the  gsneral  eircolation 
of  the  plant,  so  much  must  proceed  to  cimI  he  appropriated  by  each  part 
as  is  suited  to  the  functions  it  is  destined  to  disehar^e«  .And  as  from 
the  same  soil  diflerent  plants  select  different  quantuies  of  saline  and 
earthy  matter,  so  from  the  same  common  sap  do  the  bark,  the  lesf,  the 
woodt  and  tlie  seed,  select  and  retain  tliat  proportion  which  the  healthy 
growth  and  devclopement  of  each  requires.  It  is  with  Uie  inorganic,  as 
with  the  oivanie  food  of  plants*  Some  draw  more  from  the  soil,  some 
less,  anjd  of  that  which  circulates  in  the  sap,  only  a  small  portion  is  ex- 
pended in  the  production  of  the  flower,  though  much  is  employed  in 
forming  the  stem  and  the  leaves.  On  the  subject  of  the  present  section, 
I  sb^i  add  two  other  observations. 

1®.  From  the  constant  presence  of  this  inorgaiiic  matter  in  plants,  and 
finm  iu  being  always  found  in  nearly  the  same  proportion  in  the  same 
species  of  plants,— a  doubt  can  hardly  remain  thai  it  is  an  essential  part 
of  their  sabstanee,  and  that  they  caoDOt  live  and  thrive  without  it.  But 
that  it  really  is  so,  is  placed  b^ood  a  doobt*  by  the  fiirthar  experiment 
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tal  fact,  that  if  a  healthy  yoong  plant  he  placed  in  cireaflMtanoea  whava 
it  cannot  obtain  this  inorganic  matter,  it  droope,  pines,  and  dies. 

2^.  But  if  it  be  really  essential  to  their  growth,  this  inorganic  matter 
must  be  considered  as  part  of  the  food  of  plants ;  and  we  may  as  cor- 
rectly speak  of  feeding  or  supplying  food  to  plants,  when  we  add  earthy 
and  mineral  substances  to  the  sml,  as  when  we  mix  whh  it  a  supply  or 
rich  compost,  or  of  well  fermented  farm-yard  manure. 

I  introQuee  this  observation  for  the  purpose  of  correcting  an  enooeoua 
impression  entertained  by  many  practical  men  in  regard  to  the  way  in 
which  mineral  substances  act  when  applied  to  tb^  scnl.  By  the  term 
manure  they  generally  designate  such  substances  as  they  beueye  to  bo 
capable  ot  feeding  the  plant,  and  hence  reject  mineral  substances,  such 
aa  gypsum,  nitrate  of  soda,  and  generally  lime,  from  the  list  of  manorea 
properly  so  called.  And  as  the  influence  of  these  substances  on  vegeta- 
tion is  undispated^they  ara  not  unfreqnently  considered  as  §iimiUanU  only. 

Yet  if,  as  I  believe,  the  use  of  a  wronff  term  ia  often  connected 
with  the  prevalence  of  a  wrong  opinion^  and  may  lead  to  grave  ernira. 
in  practice^— I  may'  be  permitted  to  press  upon  your  oonsideratioQ 
the  fact  ahove  stated— I  may  almost  say  demonstrated— that  plants 
do  feed  upon  dead  unorganized  mineral  matter,  and  that  you  are,  tfaero- 
fore,  really  manorinff  your  soil,  and  permanently  improving  it,  when 
you  add  u>  it  such  substances  of  a  proper  kind, 

§8.  Cftiukmdf^  inorganic  nuUter  foimd  in  planti. 

I  have  said  above,  rfa  proper  kind^^  it  is  not  a  matter  of  indifier* 
ence  to  a  plant,  what  kind  of  earthy  or  saline  matter  it  takes  in  by  its 
roots.  Each  species  of  plant,  we  have  seen,  withdraws  from  the  soil  a 
quandty  of  inorganic  matter,  which  is  peculiar  to  itself,  and  which,  aa  • 
whole,  is  nearly  constant. 

So  also  each  species,  in  selecting  for  itself  a  nearly  constant  weight 
of  inorganic  matter,  while  it  chooMs  generally  the  same  kind  of  fsline 
and  eanhy  ingredieiMs  as  other  plants  do,  to  make  up  this  weight,  yec 
picks  them  out  ta  proportions  peculiar  to  iUelf,  Thus  for  exam(»e,  limo 
19  present  in  the  ash  of  nearly  ail  plants,  but  while  100  lbs.  of  the  asb 
of  wheat  contain  8  pounds  ofuroe,  the  same  weight  of  the  ash  of  barley 
contains  only  4^  lbs.  So  also  po<ash  is  contained  in  the  ash  of  moat 
plants  grown  for  food,  but  in  the  ash  of  the  turaip,  there  are  37^  par 
cent,  of  potash,  while  in  that  of  wheat  there  are  only  19  per  cent.  Again, 
in  different  parts  of  the  same  plant,  a  like  dlfierence  prevails.  The  aah 
of  the  turaip  bulb  contains  IH  per  cent,  of  soda«— that  of  the  leaf^  little 
more  than  12  per  cent.  On  the  other  hand,  the  lime  in  that  fhm  the 
bulb  coostitotes  less  than  19  ner  cent,  of  its  weight,  while  in  that  of  the 
leaf  it  amoonts  to  upwards  or  34  per  cent. 

These  relative  proportions  among  thediflerent  kinds  of  inorganic  nat- 
ter contained  in  the  ash  of  plants— like  the  whole  weight  itself  of  the 
ash— is  nearly  constant  in  the  same  species,  and  in  the  same  part  of  a 
plant,  when  it  is  grown  in  a  propitious  soil.  It  is  not,  therefore,  as  I  have 
already  said,  a  matter  of  indifference  to  the  living  vegetable,  whether 
it  meets  with  this  or  with  that  kind  of  inorffanic  matter  in  the  land  on 
which  it  grows— ^whether  its  roots  are  su  pplied  with  lime,  or  with  potaafa« 
c:  v'ith  soda.    The  soil  mm$t  contain  aU  Aets  subetaneu^  and  tn  mek 
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Uiv^fs  earilyto  yidd  to  ike  crom  $o  nmuh  of  each  as  ffuhnd  ofpkaU 
.^..auy  requires.  And  if  one  of  these  necessary  inorganic  forms  of 
matter  be  rare  or  wholly  absent,  the  crop  will  as  certainly  prove  sickly 
or  entirely  fail,  as  if  the  orffanic  food  supplied  by  the  vegetable  matter 
of  the  soil  were  wholly  withdrawn.  It  is,  therefore,  as  much  the  end  of 
an  enlightened  agricultural  practice  to  provide  for  the  various  require- 
ments of  each  crop  in  regard  to  inorganic  food,  as  it  is  to  endeavour  to 
enrich  the  land  witn  purely  vegetable  substances. 

Since,  also,  as  above  shown,  not  only  the  relative  quantity  of  inor- 
ganic matter,  but  its  kind  or  quality,  likewise,  is  difierent  in  different 
plantB,-*it  may  be,  that  a  soil  on  which  one  crop  cannot  attain  to  ma- 
turity may  yet  surely  and  completely  ripen  another— a  fact  which  is 
proved  by  every-day  experience.  The  soil,  which  is  unable  to  supply 
with  sufficient  speed  all  the  lime  or  the  potash  required  for  one  crop* 
may  yet  easily  meet  the  demands  of  another,  and  afford  an  ample  re- 
turn to  the  husbandman  when  the  time  of  harvest  comes.* 

On  the  other  hand,  this  consoling,  at  once,  and  stimulating  reflection 
must  arise  in  the  mind  of  the  practical  agriculturist  from  the  considera- 
tion of  the  above  facts-^bat  if  the  soil  oooiain  all  the  inorganic  substan- 
ces required  by  plants,  and  in  sufficient  quantity,  it  will  grow,  if  rightly 
tilled,  any  crop  which  is  suited  to  the  climate,— or  conversely  to  make 
it  capable  of  growing  any  crop,  he  has  only— along  with  his  usual  sup- 
plies of  animal  or  vegetable  matter^— to  add  in  proper  quantity  these  in- 
organic substances  aUo. 

Here  a  crowd  of  questbns  cannot  fail  to  start  up  in  your  minds.  Yoa 
will  ask,  for  example, 

l^.  What  are  the  several  inorganic  substances  usually  present  in 
coUivated  plants,  and  what  their  respective  proportions  ? 

2^.  Which  of  them  are  most  generally  present  in  the  soil  ? 

3°.  In  what  form  can  those  which  are  less  abundaj^t  be  added  most 
easily,  most  advantageously,  and  most  economically  ? 

We  shall  consider  in  succession  these,  and  along  with  them  other 

*  On  the  mne  prineiple,  'also,  some  of  the  Interetiiiig  Iheti  oonMoled  wtih  the  gnUag  of 
mM  are  enseepiible  of  e  Mtisiactory  expleiMtion. 

The  root  of  a  tree  aelecta  from  the  soil  the  kind  and  quality  of  inoiigBnle  matter  whieh 
are  required  for  the  healthy  maturlhr  or  ha  own  parte.  Any  other  tree  may  be  eraAed  oo  II, 
wlilcb  in  Ua  natural  stale  reqakces  the  aame  kind  of  inonanle  matters  in  neany  the  eame 
pmponioo.  Thia  is  the  case  generally  with  varieUet  oi  the  same  species— more  rarely 
with  trees  or  ptaots  of  different  spedea—and  least  firequently  with  sucn  as  belonf  to  dlfl^r* 
est  geoeia.  The  lemon  may  be  grafted  on  the  oranae,  because  the  sap  of  the  latter  con- 
taina  aU  the  earthy  and  saUae  substances  which  the  former  reqniree,  and  can  supply  them 
in  euflelent  quantity  to. the  engrsned  twig.  But  the  fig  or  the  grape  would  not  flourish  or 
ilpen  fruit  on  the  same  stock— because  these  ftuits  requure  other  subataneee  than  the  root  of 
tke  orange  caret  to  ejoimct  from  the  soil,  or  in  greater  quantity  than  the  sap  of  the  orange 
can  sopply  them. 

It  Is  not  for  want  of  oiganic  food,  for  of  thia  the  aap  of  nearly  all  plants  Is  fhll— and  we 
have  eeen  in  oar  prevtons  leeturea,  how  the  eogar  of  the  fig,  the  tartaric  acid  of  the  grape, 
•Bd  the  dlric  acid  of  the  lemon,  may  all  be  produced  by  namral  processes  from  the  same 
common  oiganic  food.  When  we  plant  a  tree  or  sow  a  crop  on  a  soil  which  does  not  con- 
min  all  that  the  tree  or  crop  reqnhree,  the  tree  must  atowly  perish,— the  crop  cannot  yield  a 
MnfiiaMe  return.  So  U  is  in  graOing.  l^etapofthettoekmtiateonUMinaaihaltheemgn^Ud 
emd  or  ahoot  reguirea  m  every  tiage  ofUa  growth.  Or  to  recur  to  our  former  illustraiion— 
If  the  pocaab  or  lime  required  by  the  "  '  "        "'       ^       "^  """ 


grape  Im  not  taken  up  and  in  sufficient  quanll^  \n 
to  craft  the  former  upon  the  latter  with  the  hope  of 

.  coming  to  matnri^'or  yielding  perfect  milt 

Thin  principle  may  also  serve  to  eiplabi  many  other  cnrioaa  and  hltheito  obscure  etaw 


rio  matnri^  or  yielding  perfect 
iclple  may  also  serve  to  eiplal 
■  eoanected  with  the  pnwiice  of  the 
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rabmdiaiy  qnestkm,  wbick  iviU  iMreator  preMBt  ibemaelTes  to  oar 
notice.  ^ 

§  3.  OJQu  severed  elementary  hodiei  usually  met  with  in  Ou  ash  ofpUmU 
What  is  understood  by  the  term  element  or  elementary  body  among 
chemists  has  already  been  explained  (Lect.  I.,  p*  ^)«  as  well  as  the 
number  and  names  ot  thoee  elements  with  which  we  are  at  present  ac- 
quainted. 

Of  these  elementary  bodies  we  have  seen  that  the  organic  part  of  plants 
contains  rarely  more  than  four,  namely,  cavbon,  hydrogen,  oxygen,  and 
nitrogen,  in  Tarious  proportions.  In  the  inorganic  part  there  occur  nine 
or  ten  othei«»  generally  in  combination,  either  with  oxygen  or  wiUi  one 
another. 

The  names  of  these  inorganic  elements  are  as  follow : 
Nam«.  IneomblnaUoawUh 

Chlorine  .        Metals 


Fonoing 
CULORIDJCS. 

Iodides, 
sulphurets. 

Sulphuretted  Htdroqeh.* 
Sulphuric  Acid. 
Phosphoric  Acid. 
Potash. 

Chloride  of  Potassiuv. 
Soda. 
.  Chloride  of  Sodium  or  ? 
Common  Salt.  \ 

Chloride  of  Calcium. 
Lime. 
Magnesia. 
Alumina. 
Silica. 
J  Oxides. 
I  Sulphurets. 
Other  elementary  bodies,  chiefly  metallic,  occur  in  some  plants— occa- 
sionally, and  in  very  small  qaantity,-^bui,  so  far  as  is  yet  known,  they  do 
not  appear  to  be  either  necessary  to  their  growth,  or  to  exercise  any  ma- 
terial influence  on  the  general  vegetation  of  the  globe. 

Of  all  the  above  elementary  bodies  it  may  be  said,  generally, 
1^.  That  with  the  exception  of  su1phur,f  they  are  not  known  to  exist 
or  to  be  evolved,  in  any  quantity,  anywhere  on  the  surface  of  the  globe, 
in  their  simple,  elementary,  or  uncombined  stale ;  and  that,  therefore* 
in  this  state  they  in  no  way  affect  the  pmgress  of  vegetable  growth,  or 
require  to  occupy  the  attention  of  the  practical  agriculturist. 

2°.  They  all,  however,  exist  in  nature  more  or  less  abundantly  in  a 
state  of  combination  with  other  substances,  and  chiefly  with  oxygen,  [ihr 
an  explanation  of  the  meaning  and  of  the  laws  of  chemical  combination, 
see  Lecture  IL,  p.  32]^but  in  no  state  of  combination  are  they  known 
to  be  generally  diflused  through  the  atmosphere  of  the  globe,  so  as  to  be 

*  Cftlled  tlao  H/dro-ralphorie  Add. 

*GWeD  off  In  fapoor  from  acCiTe  ▼okMioe%  tod  firom  roots  aad  fisnirea  <a  todeat  volcanto 
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espaUe  of  entering  plants  by  tbeir  leaves  or  other  superior  parts.  They 
must  all«  therefore,  enter  by  the  roots  of  plantsr-most  consequently  ea« 
let  in  the  (aod,-*-«an<}  most  all  be  necessary  consfitaems  of  that  soil  id 
*  which  the  plants  that  contain  them  grow. 

It  will  not  be  necessary,  tbereforef  to  consider  so  much  the  relative 
proportions  in  which  these  eieinenfaff  bodies  tbemrselves  exist  in  plantSf 
as  that  of  the  several  chemical  compounds  which  they  fbrm  with  oiry- 
gen,  nr  with  one  another— tn  which  states  of  combination  they  exist  m 
the  soil,  and  are  found  in  the  circulation  and  substance  of  the  plant.  As 
a  preliminary  to  tMs  inqtrby,  however,  it  will  be  proper  to  lay  before 
vou  a  brief  outline  of  the  nature  Mtl  properties  of  these  compound 
bodies  themselves— and  of  the  direct  influence  they  have  been  (bund  to 
exercise  upon  vegetable  life. 

§  4.  Qf  those  Cfrntpmiiids  of  the  tru/rganu:  elements  which  enter  dtreetl^jfinh 

(he  eirettlation^  or  exist  in  uU  substance  and  ash  of  plants. 

f— tnaioniNE  Aprn  muriatic  acio. 

Chlorine. — If  a  mixture  of  common  salt  and  Mlick  oxide  of  manga- 
nese [sold  by  this  name  in  the  shops}  be  pnt  into  a  flask  or  bottle  of 
colourless  glass,  and  sulpfaoric  acid  (oil  of  vitriol)  be  poured  upon  it,  a 
gas  of  a  greenish-yellow  colour  will  be  given  off,  and  will  gradually  fill 
the  battle.     This  gas  is  distinguished  by  the  name  of  chlorine. 

It  is  readily  distinguished  from  all  other  substances  by  its  greenish- 
yellow  colour,  and  its  pungent  disagreeable  smell.  It  extinguishes  a 
lighted  taper,  but  phosphorus,  cold  leaf,  metallic  potassium  and  sodium, 
and  many  other  metals,  take  nre  in  it  and  burn  of  their  own  accord.  It 
is  nearly  ii  times  heavier  than  eommon  air,  and  therefore  may  be 
readily  poured  from  one  vessel  to  another.  Water  absorbs  twice  its 
own  bulk  of  the  gas,  acquiring  its  colour,  smell,  and  disagreeable  astrin- 
gent tast^. 

Animals  cannot  breathe  it  without  svfVbeafiofr— and,  when  unmixed 
irith  air,  h  speedily  kills  all  living  vegetables.  The  solution  of  chlorine 
in  water  was  ibund  by  Davy  to  promote  the  germination  of  seeds. 

It  does  not  exist,  and  is  rarely  evolved,  [see  Lecture  V.,  p.  94,]  in 
natore  in  a  free  or  uncombined  state,  and  therefore  is  not  knowh  to  ex^ 
eroise  any  direct  action  upon  the  general  venation  of  the  globe.  It 
exists  largely,  however,  in  common  salt  (chloride  of  sodium),  every  100 
lbs.  of  this  sobstaiwe  containing  upwards  of  60  lbs.  of  chlorine.  Indi- 
rectly, therefore,  it  may  be  supposed  to  influence,  in  some  degree,  the 
growth  of  plants,  where  common  salt  exists  naturally  in  the  soil,  or  is 
artif^ciall}r  applied  in  any  form  to  the  land. 

Muriatic  actd^  the  spirit  of  salt  of  the  shops,  consists  of  chlorine  in 
eombinalion  with  hydrogen.  It  is  a  gas.  at  the  ordinary  temperature  of 
the  atmosphere,  but  water  absorbs  between  400  and  500  times  its  bulk 
of  it,  and  the  acid  of  the  shops  is  such  a  solution  in  water,  of  greater  or 
less  stren^h. 

Muriatic  acid  has  an  exceedingly  sour  taste,  corrodes  the  skin,  and  in 
its  undiluted  state  is  poisonous  both  to  animals  and  plants.  It  dissolves 
eommon  pearl  ash,  soda,  magnesia,  and  limestone,  with  efiervescence ; 
and  readily  dissolves  also,  and  combines  with,  many  earthy  substancea 
which  ara  contained  in  the  aott« 
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When  applied  to  Mymg  refptMm  hi  the  state  of  aa  ezceeduig}y  di* 
lute  soiutioQ  in  water^  it  has  been  eoppoeed  upon  some  soils,  and  in 
some  circumsiaoces,  to  be  favourable  to  Tegetaiion.  Long  experieoce« 
however,  on  the  banks  of  the  Tyne*  and  elsewhere,  in  the  neigfaboor* 
hood  of  (he  so-called  alkali*  works,  has  proved  that  in  the  state  of  va« 
pour  its  repeated  application^  even  when  dilated  with  much  air,  is  la 
many  cases  fatal  to. vegetable  life* 

Poured  in  a  liquid  state  upon  fallow  land,  or  land  preparing  (or  a 
crop,  it  may  assist  the  growth  of  toe  future  grain,  by  previously  forming, 
with  the  ingredients  of  the  soil)  some  of  ihoae  compounds  which  have 
been  occasionally  applied  as  manures,  and  which  we  shall  consider 
hereafter. 

Chlorine  is  represented  by  CI,  and*  muriatic  acid  by  HCl. 

II.— lODinx. 

Iodine  is  a  solid  substance  of  a  lead  grey  colour,  which,  when  heated, 
is  converted  into  a  beautiful  violet  vapour.  It  exists  in  combination 
chiefly  wiih  sodium^s  Iodide  of  Sodium,  in  sea  water  and  in  marine 
plants ;  but  it  has  not  hitherto  been  detected  in  any  of  the  crops  usually 
raised  for  food. 

Like  chlorine,  it  is  poisonous  botli  to  animals  and  plants ;  and  was 
found  by  Davy  to  assist  and  hasten  germination.  It  may  possibly  exert 
some  hitherto  unobserved  influence  upon  vegetation,  when  it  is  applied 
to  the  soil  in  districts  where  sea- ware  is  largely  collected  and  employed 
as  a  manure. 

Iodine  is  slightly  soluble  in  water,  and  this  solution  has  been  men- 
tioned in  a  previous  lecture  (VL,  p.  107),  as  afl()rding  a  ready  means 
of  detecting  starch  by  the  beautiful  blue  colour  it  gives  with  this  sub- 
stance. 

III. — SULPHUa,   SULPBUaOUS   AND  SULPHURIC  ACIDS,  AIVD  8UL- 
PHUmETTED  HTOaoeKH. 

1^.  Sulphur  is  a  substance  too  well  k^wn  to  require  any  detailed 
description.  In  an  uncombined  state  it  occurs  chiefly  in  volcanic  coun- 
fries,  but  it  may  sometimes  be  observed  in  the  form  of  a  thin  pellicle  on 
the  surface  of  stagnant  waters— or  of  mineral  springs,  which  are  nam- 
tally  charged  with  sulphurous  vaptiurs.  In  this  slate  it  is  not  known 
materially  to  influence  the  natural  vegetation  in  any  part  of  the  globe. 
It  has,  however,  been  employed  with  some  advantage  in  Germany  as  a 
top-dressing  for  clover  and  other  crops  to  which  gypsutn  in  that  country 
is  ffenerally  applied.  The  mode  in  wliich  it  may  be  supposed  to  act 
will  be  considered  hereafter.* 

2**.  Stdpkurous  acid. — When  sulphur  is  burned  in  the  air  it  gives  off" 
a  gaseous  substance  in  the  fbrmof  whitefun)esof  a  well  known  ii^enaely 
•ufKx:ating  odour.    These  fumes  Consist  of  a  combination  of  the  sulphur 

*  In  these  works  cart)onate  of  soda  (the  common  soda  of  the  shops)  and  sniphate  of  eoda 
(glaober  salt)  are  manuracftired  from  common  salt,  and  In  one  of  the  proeeaaes  iramenea 
qoantltles  of  muriatic  acid  are  given  off  flmm  the  fUmace,  and  need  to  eaeape  into  the  airbj 
Uiec*^' 


B  chimney. 

\  TheretVii ^.  ,  _^ 

■Dm— hut  the  farmers,  perhaps,  natnrally  enoogh,  consider  Utat  if  the  worlcs  UiemsolTes 

harm  to  their  crops,  the  refuse  of  Uie  woffcr *  -*-  **- "      ^     "^ 

aanda  of  tone  of  this  saijaura  whieh  maj  te 


t  Ttte  retViae  beeps  of  the  allcall  ^^'o^o'^l^'^TTii^e  ^^^^^^  moch  anlphur  and  mora  gro* 


harm  to  their  crops,  tlie  refuse  of  the  worfcs  cannot  do  them  much  good.    There  are  tlmsh 
"  1  had  fer  tba  Isading  awy. 


SULPHURIC  ACID,  AND  SULPHURETTED  HTDROePIf.  185 

which  disappears  with  the  oxygen  of  the  atmosnhere^  and  are  known 
to  chemists  by  the  name  of  sulphurous  acid.  This  compound  is  des- 
tracttve  to  animal  and  vegetable  life,  but  as  it  is  not  known  to  be  directly 
formed  to  any  extent  in  nature,  except  in  the  neighbourhood  of  active 
volcanoes,  it  probably  exercises  no  extensive  influence  on  the  general 
vegetation  of  the  globe. 

This  gas  possesses  the  curious  property  of  bleaching  many  animal  and 
vegetable  substances.  Wool  and  straw  for  plaiting  are  bleached  to  an 
almost  perfect  whiteness-^when  they  are  suspended  in  a  vessel  or  room 
into  which  a  plate  of  burning  sulphur  has  been  introduced.  Gardeners 
sometimes  amuse  themselves  also  in  bleaching  roses  and  other  red 
fiow^ers,  by  holding  them  over  a  burning  sulphur  match.  Some  shades  of 
red  resist  this  action  more  or  less  perfectly^  and  the  colour  of  the  bleached 
flowers  may  often  be  restored — by  dipping  them  in  a  dilute  solution  of 
carbonate  of  soda,  or  by  holding  them  over  a  bottle  of  hartshorn  (liquid 
ammonia). 

3.  Stdvkwric  acuf.— This  is  the  name  by  which  chemists  distinguish 
the  oU  o/viiriol  of  the  shops.  It  is  also  a  com  pound  of  sulphur  and  oxy- 
gen only,  and  is  formed  by  causing  the  fumes  of  sulphur  to  pass  into 
large  leaden  chambers  along  with  certain  other  substances,  from  which 
thev  can  obtain  a  further  sopply  of  oxygen. 

ft  is  met  with  in  the  shops  in  the  form  of  an  exceedingly  sour  corrosivB 
liquid,  which  decomposes,  chars,  and  destroys  all  animal  and  vegetable 
substances,  and,  except  when  very  diluted,  is  destructive  to  life  in  every 
form.  It  is  rarely  met  with  in  nature,  in  an  uncombined  state, — though 
according  to  Boussingault,  some  of  the  streams  which  issue  from  the 
volcanic  regions  of  the  Andes  are  rendered  sotnr  by  the  presence  of  a 
quantity  of  this  acid. 

It  combines  with  ])otash,  soda,  lime,  magnesia,  &c.,  and  forms  $ul- 
phates  which  exist  abundantly  in  nature,  and  have  often  been  benefi- 
cially and  profitably  employed  as  manures. 

Where  the  soil  contains  lime  or  magnesia,  the  acid  may  often  be.  ap- 
plied directly  to  the  land,  in  a  very  dilute  state,  with  advantage  to  clover 
and  other  similar  crops.  It  has  in  France,  near  Lyons,  been  observed 
to  act  favourably  when  used  in  this  way,  while  in  Uerm^iny  it  has  been 
found  better  to  apply  it  to  the  ploughed  land,  previous  to  sowing.  A  few 
experiments  have  also  been  made  in  this  country  with  partial  success. 
It  is  deserving,  however,  of  a  further  trial,  and  in  more  varied  circum- 
stances. 

4°.  SulpkureUed  Hydrogen.^^Thw  gaseous  compound  of  sulphur 
with  hydroffen,  is  almost  univerBallv  known  by  its  unpleasant  smell. 
It  imparts  their  peculiar  taste  and  odour  to  sulphurous  springs,  such  as 
that  of  Harrogate,  and  gives  their  dieagreeable  smell  to  rotten  eggs.  It 
is  often  produced  in  marshy  and  stagnant  places,*  and  fish  ponds,  where 

*  This  appean  to  be  Mpeetetly  the  eue  6n  the  eotets  of  Weetem  AfHea,  where  the 
lioC  son  is  ecntinnlly  beediif  on  eea  water,  often  ehallow,  frequeodf  etBgiiaiit,  aod  alwaye 
laden  wttb  oigaoie  matter,  etther  animal  or  ^ef  elahie  (Daniell).  Near  the  mooih  of  the 
Teea  In  thle  couotx.  where  a  ehallow,  dark  Uue,  muddy,  aamobire-beariDg  tract  atretchea 
lor  eeveiBl  milea  inland  trom  Beaton  flnook,  Uia  preaence  of  eolpharetted  hydrogen  may  be 
perceived  bythe  smell,  when  on  a  hot  anmmer*a  clay  a  gentle  air  aUna  along  the  edge  of 
the  Slake.  The  fovoorable  condiUona  are,  a  burning  enn,  a  very  gentle  air,  and  «och  a  eon. 
diUon  of  the  aea— Uiat  thoee  parte  and  poola  wbich  are  only  readied  by  Uia  ipring  tidas 
akall  bsTs  been  aevenl  days  imc«yvered. 
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vegetable  matter  is  nndercoing  decay  in  the  preseoce  of  water  oontain* 
ing  gypsum,  or  otYier  MtdfSiates ;  and  it  may  occasioQally  be  detected  by 
the  sense  of  smell  among  the  mots  of  the  sod,  in  old  pasture  land,  to 
'which  a  top-dressing  is  occasionally  given. 

As  in  the  egg^  so  also  in  other  decaying  animal  subetancea,  especially 
when  the  air  is  in  some  measure  excluded,  this  gas  is  formed.  In  pa* 
trified  cow*s  urine,  and  in  night  soil,  it  is  present  in  considerable  qoaD- 
tiiy. 

Sulphuretted  hydrogen  is  exceedingly  noxious  to  animal  and  Tegela- 
ble  life,  when  diffused  in  any  considerable  quantity  through  the  air  by 
which  they  are  surrounded.  The  luxuriance  of  the  vegetation  in  tlM 
neighbourhood  of  sulphurous  springs,  however,  has  given  reason  to  be- 
lieve that  water  impregnated  with  this  gas,  may  act  in  a  beneficial 
manner  when  it  is  placed  within  reach  of  the  roots  of  plants.  It  seems 
also  to  be  ascertained  that  natural  or  artificial  waters  which  have  a  sul- 
phurous taste,  give  birth  to  a  peculiarly  luxuriant  vegetation,  when  they 
are  employed  in  the  irrigation  of  meadows. — [Sprengel,  Chemie^  li^ 
p.  355.] 

The  relative  constitution  of  these  three  compounds  of  sulphur  is  thos 
represented  :— 

U  r«pra-  Or  1  of  flnlplwr 

One  eqaltalaot  of  Wofghiof     soolad  Iqr  UNA 

Sulphur 16  S 

Sulphurous  Acid     .    .  32  SO,  2  of  Oxygen 

Sulphuric  Acid  ...  40  SO3  3  of  Oxygen 

Sulphuretted  Uydippn  17  SU  1  of  Hydrogen.* 

IV. — ^PBOSPHORUS  AND  rflOSPHOAlC  ACIO. 

1^.  Phosphorus  is  a  solid  substance  of  a  pale  yellow  colour,  and  of  a 
eonsistence  resembling  that  of  wax.  When  exposed  to  the  air  it  slowly 
combines  vnih  the  oxygen  of  the  atmosphere,  and  bums  away  with  a 
pale  blue  flame  visible  only  in  the  dark.  When  rubbed,  however,  or 
exposed  to  a  slight  elevation  of  temperature,  even  to  the  heat  of  the 
hand,  it  readily  bursts  into  a  brilliant  flame,  emitting  an  intense  ligbc 
accompanied  by  dense  white  vapours.  It  does  not  occur  in  nature  in 
an  uncombined  state,  and  is  not  known  to  be  susceptible  of  any  useful 
application  in  practical  agriculture. 

2°.  Phosphoric  Acid. — The  white  fumes  given  off*  by  phosphorus,  or 
rather  into  which  it  is  changed,  when  burned  in  the  air  or  iu  oxygen 
gas,  consist  of  phosphoric  acid.  This  compound  is  solid  and  colourless, 
attracts  moisiure  from  the  air  with  great  rapidity,  is  exceedingly  soluble 
in  water,  has  an  intensely >sour  taste,  and  hke  sulphuric  acid  is  capable 
of  corroding  and  destroying  animal  and  vegetable  substances. 

It  does  not  exist  in  nature  in  a  free  state,  and,  therefore,  is  not  dvrtcUy 
influential  upon  vegetation.  It  unites,  however,  with  potash,  soda,  lime, 
&c.,  to  form  compounds,  known  by  the  name  of  phosphates.  In  these 
states  of  combination,  it  is  almost  universally  diflused  tnroughout  nature 
.^-and  appears  to  be  essentially  necessary  to  the  healiby  growth  and 
maturity  of  all  living— certainly  of  all  cultivated  vegetabtes. 

*  Fbr  th«  properttef  of  oxygen  and  hrdvafoa  mo  abofo,  ptgesBl  and  SB^  sad  Ibr  tbilr 
•iioftvoleatortcomk  wdghto  MO  pMoSI. 


i 
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T«^— KOTASanJICt  rOT^H*  CAEBOHATSt  SULPBATB,  OXAXJiTE»  TARTRATS, 
CITRATE,  AND  8UJLFBATX  OF  POTASH,  A2ID  CHLO&IOS  OF  POTAMIUK. 

1°.  CarhonaU  &f  PoUu/L^n  eountries  where  noo-resinous  treat 
abound,  it  is  oaual  to  burn  the  wood  which  caimot  othezwiee  be  em  ploy •* 
ed— as  in  the  clearings  in  Canada  and  the  United  States— Ibr  the  pur- 
pose of  colleetiog  the  ash  which  renoains.  This  ash  is  washed  with 
water  and  the  washings  boiled  to  dryness  in  iron  pots.  In  this  state  it 
forms  the  jwt-ash  of  commerce.  When  this  potash  is  again  dissolved 
in  water,  add  the  clear  Kqnid  decanted  and  boiled,  the  pearl'-9sh  of  tho 
•hops  is  obtained. 

This  pearl-ash  is  an  impore  €aaa  of  the  carbonate  of  potash  of  chem- 
isto.  It  readily  dissolves  in  water,  has  a  peculiar  taste-nlistinguished 
as  an  alkaline  taste  -and  dissolves  in  vine^r  or  in  diluted  sulphifKc  or 
mnriatic  acid,  with  much  efferveBcenee.  The  aas  given  oflT during  tins 
effervescence  (or  boiling  up)  is  carbonic  acid,  the  same  which,  as  was 
shown  ,tn  a  previous  lecture,  is  obtained  when  a  diluted  acid  is  poured 
upon  chalk  or  common  limestone.  , 

This  carbonate  of  potash  has  been  long  known  to  e&ercise  a  powerful 
inflnence  over  the  growth  of  plants. 

The  use  of  wood-ash  as  a  fertilizer  both  of  pasture  and  of  arable  land, 
goes  back  to  the  most  remote  antiquity ;  and  though  the  erude  wood-ash 
eootoins  other  substances  also,  yet  muc^  of  its  immediate  and  most  ap- 
parent effect  is  due  to  the  carbonate  of  potash  it  contains. 

From  what  has  already  been  stated,  at  the  commencement  of  the 
present  lecture,  in  regard  to  the  presence  of  potash  in  the  parts  and 
juices  of  nearly  all  plants,  you  will  already  in  some  measure  under- 
atand  why.  the  carbonate  of  potash  should  be  useful  to  vegetation,  and**- 
since  this  alkali  (potash)  is  present  in  greater  quantity  in  some  than  in 
others*- why  it  should  appear  to  be  more  especially  favourable  to  the 
growth  of  one  kind  of  plant  than  of  another. 

In  this  way,  it  w  explained  why  moss  and  coarse  grasses  are  exdrpa- 
ted  from  meadows  by  a  sprinkling  of  wood  ashes^^and  Why  red  doves, 
lucerne,  esparsette,  beans,  peas,  flax,  and  potatoes.  Sec.,  are  greatly 
promoted  in  their  growth  by  a  similar  treatment.  This  substance,  how- 
ever,  has  other  functions  to  perfiMPm  in  reference  to  vegetation,  besides 
that  of  simply  supplying  the  crop  with  the  potash  it  requires ;  these  func- 
tions !  shall  explain  noore  particularly  hereafter,  when  you  will  perhaps 
be  better  prepared  fi>r  understanding  the  details  into  wmch  it  will  be  ne- 
censary  to  enter. 

d^.  i\)<ai^k— When  12  mrt»  of  carbonate  of  potash  are  disserved  in 
water,  and  boiled  with  half  their  weight  of  newly-slaked  quiek-lima, 
they  are  gradually  deprived  of  their  carbonic  acid,  and  converted  into 
pore  potash,— mr  as  it  is  often  called,  firom  its  effect  on  animal  and  ve- 
getable substances,  eamtie  poUuk. 

The  caustic  Bquid  thus  obtained  deoompoaes  or  dissolves  most  animal 
and  vegetable  substailoes,  whether  living  or  dead.  When  applied  to 
the  skin,  nnless  it  be  in  a  very  diluted  state,  it  destroys  iu  and  prodocea 
a  painful  sore.  Potash  does  not  ooenr  to  nature  io  this  caosuc  or  un- 
eomhmed  state,  and  is  not  known,  thmfove,  to  exercise  any  €ltreet  io- 
flaence  apon  natural  vegatatioB. 

When  wood-ashes  and  quick-lime  are  mixed  together  ia  artificial 
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composts*  it  is  not  unlikely  that  a  portion  of  the  carbonate  of  potash  may 
be  rendered  caustic,  and,  therefore,  be  more  fit  to  act  upon  the  vegetable 
matter  in  contact  with  it— 4>y  leodering  it  solnble  in  water  and  thus  ca- 
pable of  entering  into  the  roots  of  plants.  To  this  point  I  shall  have 
occasion  to  return  hereafter.  In  the  mean  time,  it  is  proper  to  remark* 
that  if  pearl-ash  be  mixed,  as  above  prescribed,  with  half  its  weight  of 
quick-lune,  and  then  boiled  with  les$  than  ten  or  twelve  ti$nes  its  teeifht 
oftDoter,  a  part  of  the  potash  only  is  rendered  eatcstio— the  lime  bemg 
unable  to  deprive  the  pearl-ash  (carbonate  of  potash)  of  its  carbonic 
acid,  unless  it  be  largely  diluted.  Hence,  in  dry  composts,  or  mixtures 
of  this  substance  with  quick-lime,  it  is  unlikely  tnat  any  large  portico  of 
the  potash  can  be  at  once  brought  to  the  caustic  state.  This  fact  is 
really  of  importance  in  reference  to  the  theory  of  the  conjoined  action  of 
quick-lime  and  wood  or  pearl-ash,  when  mixed  together  in  artificial  ma- 
nures, and  applied  to  the  land. 

3°.  Poto^niifii.— When  dry  caustic  potash,  obtained  by  evaporatiiiff 
the  caustic  solution  above  described,  is  mixed  with  powdered  chaioou 
and  iron  filings,  and  exposed  to  an  intense  heat  in  an  iron  retort,  it  is  de- 
composed, and  metallic  potassimm  distils  over,  and  is  collected  in  the 
form  of  white  shining  silvery  dropa. 

It  was  one  of  the  most  lemaikable  discoveries  of  Sir  H.  Davy,  that 
potash  was  a  compound  substance,  and  consisted  of  this  metal  potassium 
united  to  oxygen  gas. 

Potassium  is  remarkable  lor  the  stroog  tendency  it  possesses  to  unite 
ajrain  with  oxygen  and  re-ibrm  potash.  When  simplv  exposed  to  the 
air,  it  gradually  absorbs  oxygen  from  the  atmosphere ;  but  if  it  be  heat* 
ed  in  the  air,  it  takes  fire  and  btnraa*  When  the  combustion  has  ceased* 
a  quantity  (^caustic  potash  remains,  the  weight  of  which  is  nearly  ooe- 
fiflh  greater  than  that  of  the  potassium  employed.  It  even  bursts  into  a 
flame  when  thrown  upon  water,  depriving  that  liquid  of  ita  oxygen,  and 
liberating  its  hydrogen,— and  it  was  justly  consid«red  as  the  most  aston- 
ishing property  of  this  metal,  when  first  discovered,  that  it  took  firs 
when  placed  upon  the  coldest  ice.  [For  the  composition  of  water,  see 
Lecture  II.,  p.  36.]  When  thus  buraed  in  contact  with  water,  potash 
is  formed,  as  before,  and  is  found  dissolved  in  the  liquid  when  tlie  es« 
periment  is  completed. 

4^.  Chloride  (^  Potassiym.WrhM  is  a  compound  of  chlorine  with  po- 
tassium, which,  u  taste,  properties,  and  general  appearance,  has  mnch 
resemblance  to  common  salt.  It  may  be  formed  by  dissolving  peaii- 
ash  in  dilute  muriatic  acid  (spirit  of  sak)  as  long  as  any  effervescence 
appears,  and  afterwards  evaporating  to  dryness.  It  exists  in  small 
quantity  in  sea  water,  in  the  ash  of  most  plants,  and  frequently  in  the 
soil.  It  is  not  an  article  of  manufiu^re,  but  is  occasionally  extracted 
from  kelp,  and  sold  to  the  alum  makers.  Gould  it  be  easily  and  cheap- 
ly obtained,  there  is  no  doubt  that  it  might  be  employed  with  advantage 
as  a  manure,  and  especially  in  those  ciroumstances  in  which  commoa 
salt  has  been  found  to  promote  vegetation.  The  refuse  of  the  soap-boil- 
ers,  where  soap  is  made  from  kelp,  contains  a  considerable  quantity  of 
this  compound.  This  refuse  miant  be  obtained  at  a  cheap  rate,  and, 
therefore,  might  be  usefully  colwcted  and  applied  to  the  land  where 
SQch  works  are  established. 
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6^.  SuLpkaJU  of  Poteuh. — TIob  compound  ia  formed  by  adding  pearl- 
ash  to  dilute  sulphuric  acid  (oil  of  vitriol)  as  long  as  enervescence  ap- 
pears, and  then  evaporating  the  solution.  It  is  a  white  saline  sub- 
stance, sparingly  soluble  in  water,  add  has  a  disagreeable  bitterish  taste. 
It  ezisU  in  oonfloderable  quantity  in  wood-ash,  and  in  the  ash  of  nearly 
all  plants,  fllnd  is  one  of  the  most  abundant  impurities  in  the  common 
potash  and  pearl-ash  of  the  shops.  This  sulphate  itself  is  not  an  article 
of  extensive  manufacture,  but  it  exisKs  in  common  Iduiil  to  the  amount 
of  upwards  of  18  per  cent,  of  its  weight. 

IHssolved  in  100  times  its  weight  of  water,  the  sulphate  of  potash  has 
been  found  to  act  favourably  on  red  clover,  vetches,  beans,  peas,  &c., 
and  pare  of  the  effect  of  wood  ashes  on  plants  of  this  kind  is  to  be  attri- 
buted to  the  sulphate  of  potash  they  contain.  Turf  ashes  are  also  said 
to  contain  this  salt  in  variable  quantity,  and  to  this  is  ascribed  a  portion 
of  their  efficacy  also  when  applied  to  6ie  land. 

6^.  NitraU  of  Pottuh^  or  saltpetre,  is  a  well  known  saline  substance, 
of  whicl)  mention  has  already  been  made  in  the  preceding  lectures.  [See 
p.  56,  and  pp.  159  to  163.]  It  contains  potash  and  nitric  acid  only,  and 
may  be  reiadily  formed  by  dissolving  pearl-ash  in  nitric  acid,  and  eva- 
porating the  solution.  It  exists,  and  is  continually  reproduced  in  the 
soil  of  most  countries,  and  is  well  known  to  exercise  a  remarkable  ioflu- 
eoce  in  accelerating  and  increasing  the  growth  of  plants. 

7^.  Oxalates  ofFot€uh,'-^Theae  salts  exist  in  the  common  and  wood 
aorrels,  and  in  most  of  the  other  more  perfect  plants  in  which  oxalic 
acid  is  known  to  exist.  [See  pp.  47  and  137.]  The  soli  of  sorrel  is  the 
best  known  of  these  oxcdates.  This  salt  has  an  agreeable  acid  taste, 
and  is  not  so  poisonous  as  the  uncombined  oxalic  acid. 

When  this  salt  is  heated  over  a  lamp,  the  oxalic  acid  it  contains  is  de- 
eom  posed,  and  carbonate  of  potash  is  obtained.  It  is  supposed  that  .a 
great  part  of  the  potash  extracted  firom  the  ashes  of  wood  and  of  the 
stems  of  plants  in  general,  in  the  state  of  carbonate,  existed  as  an  oxa- 
late in  the  living  tree,  and  was  converted  into  carbonate  during  the  com- 
bnaiion  of  the  woody  fibre  and  other  organic  matter.  This  compound, 
therefore,  in  all  probability,  performs  an  important  part  in  the  changes 
which  take  place  in  the  interior  of  plants,  though  its  direct  agency  in 
affecting  their  growth  when  applied  externally  to  their  roots  has  not 
hitherto  been  distinctly  reooflnized.  It  is  probably  formed  occasionally 
in  farm-yard  manure,  and  m  decaying  urine  and  night-soil,  but  nothing 
very  precise  is  yet  known  on  this  subject. 

8^.  OUrates  and  Tartrates  of  Pofds^— These  salts  exist  in  many 
frnifs.  The  citrates  abound  in  the  oranse,  the'  lemon,  and  the  lime— 
the  tartrates  in  the  grape.  When  heated  over  a  lamp,  the^  are  decom- 
posed, and  like  the  oxalates  leave  die  potash  in  the  state  of'^carbonate. 

In  the  interior  of  plants,  both  potasn  and  soda  are  most  frequently 
eombined  with  organic  acids  (oxalic,  citric,  tartaric,  &c.,  for  an  ac- 
count of  the  most  abundant  of  which  see  Lecture  VI.,  p.  121,)  and  the 
compounds  thus  formed  are  generally  what  chemists  call  acid  8alt»— 
that  is  to  say,  they  generally  have  a  (fistinctly  sour  taste,  redden  vege- 
table blues,  and  contain  much  more  add  than  is  found  to  exist  in  cer- 
tain other  well  known  compounds  of  the  same  acids  with  potash. 

The  dtiates  and  tartrates  are  not  known  to  be  formed  in  nature,  ex- 
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cept  in  the  living  plant,  and  as  they  are  too  expensive  to  be  ever  era- 
ployed  as  manures,  it  is  the  less  to  be  regretted  that  few  experiments 
nave  yet  been  tried  with  the  view  of  ascertaining  their  efiect  upon  vege- 
tation. 

9°.  Phaspkalts  of  PoUuk. — If  to  a  known  weight  of  phosphoric  acid 
(p.  186)  pearl-ash  (carbonate  of  potash)  be  added  as  long  as  any  effer- 
vescence appears,  and  the  solution  be  then  evaporated,  phosphate  of 
potash  is  obtained.  If  to  the  solution  before  evaporation  a  second  por- 
tion of  phosphoric  acid  be  added,  equal  to  the  first,  and  the  water  be 
then  expelled  by  heat,  hi-phosphalt  of  potash  will  remain,  [so  called 
from  &W,  twice,  because  it  contains  twice  as  much  acid  as  the  fermer,  or 
m€uiral  phosphate.] 

One  or  other  of  these  two  salts  is  found  in  the  &sh  of  nearly  all  plants^ 
Whether  or  not  the  elements  of  which  they  consist  exbt  in  this  state  oT 
combination  in  the  living  plant  will  be  considered  hereafter,  in  the  mean 
time  it  may  be  stated  as  certain  that  they  are  of  the  most  vital  impor- 
tance not  only  in  reference  to  the  growth  of  plants  themselves,  but  also 
to  their  nutritive  qualities  when  eaien  by  auimalsfbr  food. 

These  phosphates  are  occasionally,  |>erhaps  very  generally,  present 
in  the  soil  in  minute  quantities,  and  there  is  every  reason  to  believe 
that  could  they  be  applied  to  the  land  in  a  sutBcientfy  economical  form, 
they  would  in  many  cases  act  in  a  most  favourable  manner  upon  vege- 
tation. They  are  contained  in  urine  and  other  animal  manures,  and  to 
their  presence  a  portion  of  the  efficacy  of  these  manures  is  to  be  ascribed^ 

Tl.— eODIUM,  SODA,  CAKBOIf  ATE  OP  SODA,  SULPHATE  OP  SODA,  SULPHU- 
AE-r  OP  SODIUM,  CHLORIDE  OP  SODIUM. 

1^.  Chloride  of  Sodium^  common  or  sea  salt,  exists  abundantly  in  aea 
water,  and  is  found  in  many  parts  of  the  earth  in  the  form  either  of  in- 
crustations on  the  surface  or  of  solid  beds  or  masses  at  considerable  depths. 
The  rock  salt  of  Cheshire  is  a  well  known  exatnple  of  this  latter  mode 
of  occurrence. 

Common  salt  may  also  be  detected  in  nearly  all  soils,  it  is  found  in 
the  ashes  of  all  plants,  but  especially  and  in  large  quantity  in  the  ashes  of 
marine  plants  (kelp),  and  is  sometimes  borne  with  <he  spray  of  the  sea  to 
ffreat  distances  inland,  when  the  winds  blow  strong,  and  the  waves  are 
nigh  and  broken. 

On  some  rtx;ky  shores,  as  on  that  between  Berwick  and  Dunbar,  the 
•pray  may  be  seen  occasionally  moving  up  the  little  coves  and  inlets  in 
tne  form  of  a  distinct  mist  drivmg  before  the  wind,  and  the  saline  matter 
has  been  known  to  traverse  nearly  half  the  breadth  of  the  island  before 
it  was  entirely  deposited  fh)m  the  air. 

It  is  impossible  to  calculate  how  much  of  the  saline  matter  of  sea  water 
may  in  this  way  be  spread  over  the  surface  of  a  sea-girt  land  like  ours; 
but  two  things  are  certain — that  those  places  which  are  nearer  the  aea 
will  receive  a  greater,  and  those  more  inland  a  lesser,  portion ;  and  that 
those  coasts  on  which  sea  winds  prevail  will  be  more  largely  and  mora 
frequently  visited  than  those  on  which  land  winds  are  more  commonly 
experienced. 

It  is  well  known  that  common  salt  has  been  employed  in  all  ages  and 
in  all  countries  for  the  purpose  of  pronooting  vegetation,  and  in  no  ooim-^ 
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Ut  perhaps  in  larger  quantity  or  more  extensively  than  in  England. 
Tliat  i(  has  oflen  failed  to  benefit  the  land  in  particular  localities,  only 
shows  that  the  soil  in  those  places  already  contained  a  natural  j»upply  of 
this  compound  large  enough  to  meet  the  wants  of  the  crops  whicn  grew 
upon  it.  The  facts  above  stated  as  to  the  influence  of  the  wind  in  top^ 
dressing  the  exposed  coast-line  of  a  country  with  a  solution  of  salt,  may 
serve  as  an  important  guide  both  in  reference  to  the  places  in  which  U 
may  be  expected  to  benefit  the  land,  and  to  the  causes  of  its  failing  to 
do  so  in  panicular  districts. 

2^.  SuipkaU  o/Sodat  or  Glauber's  salt,  is  usually  manufactured  from 
common  salt  by  pouring  upon  it  diluted  sulphuric  acid  (oil  of  vitriol), 
and  applying  heat.  Muriatic  acid  (spirit  of  salt,  so  called  by  the  old 
chemists,  because  thus  given  off  by  common  salt,)  is  given  oflT  in  the 
form  of  vapour,  and  sulphate  of  soda  remains  behind.  It  may  also  be 
prepared,  though  less  economically,  by  adding  the  common  soda  of  the 
shops  to  diluted  sulphuric  acid  as  long  as  any  eflervescence  appears. 

This  well  known  salt  Ib  met  with  in  variable  quantity  in  the  ashes  of 
nearly  ail  plants,  and  is  diffused  in  minute  proportion  through  most 
soils.  I  have  elsewhere  [see  Appendix,]  directed  your  attention  to  the 
beneficial  efiect  which  it  has  been  observed  to  exercise  on  the  growth 
especially  of  such  plants  as  are  known  to  contain  a  considerable  propor- 
tion of  sulphuric  acid.  Among  these  are  red  clover,  vetches,  peas,  iLc 
And  as  this  salt  is  manufactured  largely  in  this  country,  and  can  be  ob- 
tained at  the  low  price  of  ten  shillings  a  cwt.  in  the  dry  state,*  1  have 
recommended  it  to  the  practical  farmer  as  likely  to  be  extensively  useful 
as  a  manure  fur  certain  crops  and  on  certain  soils.  The  kind  of  crops 
and  soils  have  as  yet  in  great  measure  to  be  determined  by  practical 
trials. — [See  the  results  of  Mr.  Fleming's  Experiments,  given  in  the 
Appendix/] 

3^.  Sidphuret  of  Sodiwn.r-^V^heti  sulphate  of  soda  is  mixed  with 
saw-dust,  and  heated  in  a  furnace,  the  oxygen  of  the  salt  is  separated, 
and  sulpburet  of  sodium  is  produced.  By  a  similar  treatment  sulphate 
of  potash  is  converted  into  sulphuret  of  potassium.  These  compounds 
consist  of  sulphur  and  metallic  sodium  or  potassium  only.  They  do 
not  occur  extensively  in  nature,  and  are  not  manufactured  for  sale;  but 
there  is  reason  to  believe  that  they  would  materially  promote  the  vege- 
tation of  such  plants  as  contain  much  sulphur  in  combination  with  pot- 
ash or  soda.  The  sulphuret  of  sodium  is  present  in  variable  quantity  in 
the  refuse  lime  of  the  alkali  works,  already  spoken  of,  and  might  be  ex- 
pected to  aid  the  other  substances  of  which  it  chiefly  consists,  in  contri- 
buting to  the  more  rapid  growth  of  pulse  and  clover  crops. 

4°.  Carbonate  of  Soda, — I  have  described  the  above  com  pounds  of 
soda  before  mentioning  this  its  best  known  and  most  common  form,  be- 
cause they  are  all  steps  in  the  process  by  which  the  latter  is  usually  pre- 
pared from  common  salt,  by  the  soda  manufacturers. 

When  the  sulphuret  of  sodium  is  nuxed  with  chalk  in  certain  propor- 
tions, and  heated  in  a  furnace^  it  is  deprived  of  its  sulphur,  and  is  con- 
verted into  carbonate  of  soda,  the  common  soda  of  the  shops. 

This  well  known  salt,  now  sold  in  the  state  of  crystals,- [containing  63 
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per  cent,  of  water,]  at  from  IOb.  to  128.  a  cwt.,  has  not  as  yet  been  ex- 
tensively tried  as  a  means  of  promoting  vegetation.  The  lownese  of  its 
price,Jhowever,  and  the  fact  that  it  is  an  article  of  extensive  home  man- 
ufacture, conjoined  with  the  encouragement  iare  derive  from  theoretical 
oonstderatioRS— all  unite  in  suggesting  the  propriety  of  a  series  of  ex- 
periments with  the  view  of  determining  its  real  value  to  the  practical 
agriculturist.  The  mode  in  which  theory  indicates  that  this  compound 
is  likely  to  act  in  promoting  vegetatioit— as  well  as  the  crops  to  which  it 
may  be  expected  to  be  espechiBy  useful,  will  come  under  our  consident- 
tion  hereafter. 

Besides  the  common  carbonate  of  soda  above  described,  and  which  in 
the  neighbourhood  of  Newcastle  is  manufactured  from  common  salt  to 
the'amount  of  30  or  40  thousand  tons  every  year,  there  occur  in  nature 
two  other  compounds  of  soda  with  carbonic  acid,  in  which  the  latter 
substance  is  present  in  larger  quantity  than  in  the  soda  of  the  shops. 
The  ^e^^ut-carbonate,  containing  one  naif  more  carbonic  acid,  occurs  in 
the  soil  in  many  warm  climates  (Egypt,  India,  South  America,  ic&.)^ 
and  at  Fezzao,  in  Africa,  is  met  with  as  a  mineral  deposit  of  sach 
thickness  as  In  that  dry  climate  to  allow  of  its  being  employed  as  a 
building  stone. 

The  6{-carbonate  is  contained  in  the  waters  of  many  lakes,  in  Hunga- 
ly,  in  Asia,  &c.,  and  in  many  springs  in  all  parts  of  the  world.  There 
can  be  no  doabt  that  the  waters  of  such  springs  are  fitted  to  promote  the 
fertility,  especially  of  pasture  land,  to  which  mey  may  be  applied  either 
by  artificial  irrigation,  or  by  spontaneous  overflow  fiiom  natnral  outlets. 
Some  of  the  Harrowgate  waters  contain  a  sensible  quantity  of  this  bi- 
carbonate, and  over  a  large  portion  of  the  Yorkshire  coal-field,  a  bed  of 
rock  is  found,  at  various  depths,  the  springs  from  which  hold  in  solution 
a  considerable  portion  of  this  salt.  The  Hoibeck  water  of  Leeds,  ac- 
cording to  Mr.  West,  owes  its  softness  to  the  presence  of  this  carbonate, 
and  the  water  from  the  coal-mines  in  the  neighbourhood  of  Wakefield 
Is  occasionally  so  charged  with  it,  as  to  form  troublesome  saline  incrus- 
tations on  the  bottoms  of  the  steam  boilers.  Where  these  waters  occur 
in  sufficient  abundance,  they  should  not  be  permitted  to  escape  into  the 
rivers,  until  they  have  previously  been  employed  in  irrigating  the  land. 

It  has  occasionally  been  observed  that  natural  springs  in  some  locali- 
ties impart  a  degree  of  luxuriance  to  natural  pasture,  which  is  not  to  be 
accounted  for  by  the  mere  efiect  of  a  constant  supply  of  water.  In 
such  cases,  the  springs  may  be  expected  to  contain  some  alkaline,  or 
other  mineral  ingredient,  which  the  soil  is  unable  to  supply  to  the  plants 
which  grow  upon  it,  either  in  sufficient  abundance,  or  with  sufficient  1 
rapidity.  I 

6®.  Socta  or  Caustic  Soda, — ^When  a  solution  of  the  common  soife  of 
the  shops  is  bpiled  with  quick-lime,  it  is  deprived  of  its  carbonic  acid, 
and  like  the  carbonate  of  potash  (p.  187)  is  brought  into  the  caus^'atate. 
In  this  state  it  destroys  animal  and  vegetable  substances,  and,  unless 
very  dilute,  is  injurious  to  animal  and  vegetable  life. 

when  common  salt  (chloride  of  sodium)  is  mixed  with  quick-lime  in 
compost  heaps,  it  is  deprived  by  the  lime  of  a  portion  of  its  chlonoe, 
and  is  partially  converted  into  this  caustic  soda.  The  action  of  the  soda 
in  this  state  is  similar  to  that  of  caustic  potash.    Not  only  does  il  rMdi* 


■ODIOK,  FHOSPHATSS  Or  SODA,  AVP  CAaSORATX  OV  &tVB*  193 

]y  rapply  soda  lo  the  growiDg  plant,  to  which  soda  is  neoessaiy,  but  it 
also  acts  upon  certain  other  substances  which  the  plants  reoatre,  so  as 
to  render  them  soluble,  and  to  facilitate  (heir  entrance  into  me  roots  of 
plants.  To  the  presence  of  soda  in  this  caustic  state,  the  efficacy  of 
such  composts  of  cooamon  salt  and  lioie  in  promoting  vegetation,  is  in 
part  to  be  ascribed. 

6^.  Sodiian  is  a  soft,  metal  of  a  silver  white  colour,  and,  like  potassi- 
um, light  enough  to  float  upon  water.  It  is  obtained  by  heating  cautoio 
soda  with  a  mixture  of  charcoal  and  iron  fiiines.  It  takes  me  upon 
water— though  not  so  readily  as  potassium*— and  combines  With  its  oxy* 
gen  to  form  soda.  In  the  metallic  state  it  is  not  known  to  occur  in  na- 
ture, and,  therefore,  does  not  ditectly  act  upon  vegetation.  With  oxy- 
gen it  fi>rins  soda,— with  chlorine,  chloride  of  sodium  (common  salt),— 
and  with  sulphur,  sulphuret  of  sodium,— ^11  of  which,  as  already  stated, 
are  more  or  less  beneficial  to  vegetation. 

7^«  PhosjjhcOes  of  So£^.— When  the  common  soda  of  the  shops  is  added 
to  a  solution  of  pfatosphoric  acid  in  water,  till  eflervescence  ceases,  and 
ifae  solution  is  evaporated  to  dryness,  phosphate  of  soda  is  fonned,  and 
~by  the  subsequent  addition  of  as  much  more  phosphoric  acid— M-phoH- 
pbate.  These  salts  occur  more  or  less  abundantly  in  the  ash  of  nearly 
ail  plants ;  they  are  occasionally  also  detected  in  the  soil,  and  one  ur 
other  of  them  is  almost  always  present  in  urine  and  other  animal  ma- 
Bores.  As  we  know  firom  theory  that  these  compounds  must  be  grate- 
fid  to  plants,  we  are  justified  in  ascribing  a  portiooof  the  efficacy  of  animal 
manures,  in  promoting  the  growth  of  vegetables,  to  the  presence  of  these 

Phosphates,  as  well  as  to  that  of  the  phosphates  of  potash  (p.  190). 
^hey  are  not  known  to  occur  in  the  mineral  kingdom  in  any  large  quan- 
tity, neither  are  they  articles  of  manufacture,  hence  their  direct  action 
upon  vegetation  has  not  hitherto  been  made  the  subject  of  separate  ex- 
jieriment. 

TII.— CAIiCIUM,  LIME,  CAfLBONATK  OF  LIME,  8UX.PHATS  OF  UlfE,  M- 
TBAT£  OF  LIME,  PHOSPHATES  OF  LIME,  CHLOEIDX  OF  CALCIUM,  SUL- 
PHUKET  OF  CALCIUM. 

1°.  Carhonale  of  Ltme.-^Chalk,  marblot  and  nearly  aU  the  lime- 
stones in  common  use,  are  varieties,  more  or  less  pure,  of  that  com- 
IMiujidof  lime  with  carbonic  acid  which  is  known  to  chemists  as  car- 
booate  of  lime.  It  occurs  of  various  cc^ours  and  of  various  degrees  of 
hanlnessv  but  in  weight  the  compact  varieties  are  very  much  alike,  be- 
ing generally  a  little  more  than  2^  times  (2*7)  heavier  than  water. 
They  all  dissolve  wiiii  efiervescence  in  dilute  muriatic  acid  (spirit  of 
salt),  and  by  the  bubbles  of  gas  which  are  seen  lo  escape  when  a  drop 
of  this  acid  is  applied  to  them,  limestones  may  in  general  be  readily  dis- 
tinguished from  other  varieties  of  rock.  They  dissolve  slowly  ah^o  in 
water  which  holds  carbonic  acid  in  solution ;  and  hence  the  springs 
which  issue  from  the  neighbourhood  of  deposiu  of  limestone  are  gene- 
raljhr  charged  in  a  high  degree  with  this  mmeral  substance. 

The  valve  of  this  carbonate  of  lime  in  rendermg  a  soil  capable  of  pro- 
ducing and  sustaining  a  luxuriant  vegetation  depends,  in  part,  it  is  true, 
on  the  necessity  of  a  certain  proporuon  of  lime  to  the  growth  and  full 
developementof  the  several  parts  of  nearly  all  plants,  but  it  performs  also 
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Other  importaot  offices,  which  we  shall  hereafter  have  occasiim  mora 
iiilly  to  consider. 

2°.  Lime  or  QutcAr-Ztme.— When  limestone  is  humed  along  with  coal 
or  wood  in  kilos  so  constructed  tliat  a  current  of  air  can  pass  freely  through 
them,  the  carbonic  acid  is  driv^  off,  and  the  lime  alone  remains.  In 
this  state  it  is  generally  known  by  the  name  of  burned  or  qtdck-litne^ 
from  its  caustic  qualities,  and  is  found  to  have  lost  nearly  44  per  cent,  of 
its  original  weight. 

The  most  remarkable  property  of  quick-lime  is  its  strong  tendency  to 
combine  with  water.  Tbis  is  displayed  by  the  eagerness  with  which  this 
liquid  is  drunk  in  by  the  lime  in  the  act  of  slakine,  and  by  the  great  heat 
which  is  at  the  same  time  developed.  Slaked  lime  is  a  compound  of 
lime  with  water,  and  by  chemists  is  called  a  hydrate  of  lime.  It  coq^^ 
tains  24  per  cent,  of  its  weight  of  water. 

'  The  action  of  quick-lime  upon  the  land  is  one  of  the  roost  important 
which  presents  itself  to  the  observation  of  the  practical  agriculturist. 
AnK>ng  other  eflfects  produced  by  it  is  that  of  hastening  the  decompoei* 
tion  of  vegetable  matter  either  in  the  soil  or  in  compost  heaps ;  but  this 
effect  is  materially  promoted  by— if  it  be  not  wholly  dependent  upon 
»-the  presence  of  air  and  moisture.  By  this  decomposition  carbonic 
acid  and  other  compound  substances  are  produced,  which  the  roots  ara 
capable  of  absorbing  and  converting  into  the  food  of  plants. 

In  this  caustic  state  lime  does  not  occur  in  nature,  nor  when  exposed 
to  the  air  does  it  l(5hg  remain  in  this  state.  It  gradually  absorbs  carbonic 
acid  from  the  atmosphere,  and  is  again  converted  into  carbonate.  This 
change  takes  place  more  or  less  rapidly  in  all  cases  where  quick-lime  is 
applied  to  the  land,  but  the  benefits  arising  from  burnioff  the  lime  do  not 
disappear  when  it  is  thus  reconverted  into  carbonate.  On  the  contrary, 
the  state  of  very  fine  powder,  into  which  quick-lime  fails  on  slaking, 
enables  the  carbonate  of  lime,  Subsequently  formed,  to  be  intermixed 
with  the  soil  in  a  much  more  minute  state  of  division  than  could  be  ob- 
tained by  any  mechanical  means.  This  we  shall  hereafter  see  to  be  a 
most  important  fact,  when  we  come  to  study  in  more  detail  the  theory 
of  the  action  of  lime  in  the  several  states  of  combination,  and  under  the 
▼aried  conditions  in  which  it  is  employed  for  the  purpose  of  improving 
the  land. 

3^.  Caldvm  is  a  silver-white  metal,  which,  by  iu  union  with  oxygen, 
forms  lime.  It  is  not  known  to  exist  in  nature  in  an  uncombined  state, 
is  prepared  artificially  only  with  great  difficulty,  and  therefore  exercises 
no  direct  action  on  vegetable  growth. 

4°.  Chloride  of  Ca£cit«m.-^When  chalk  or  quick-lime  is  dissolved  in 
muriatic  acid,  a  solution  of  chloride  of  calcium  is  obtained.  This  sola* 
tion  occurs  in  sea- water,  in  the  refuse  (mother-liquor)  of  the  salt-pans, 
and  is  allowed  to  flow  away  in  large  quantities  as  a  waste  from  certain 
chemical  works.  I  have  elsewhere  stated  the  effects  it  has  been  ob- 
served to  produce  upon  vegetable  growth,  [see  Appendix,]  and  have  re* 
commended  the  propriety  of  making  experiments  with  the  view  of  ren- 
dering useful  some  of  those  materials  which  in  our  manufactories  are 
now  siJffered  largely  to  run  to  waste. 

6°.  Sulphvret  of  Calcium  is  a  compound  of  sulphur  and  caiciam, 
which  may  be  fimned  by  heating  together  chalk  and  sulphur  in  aooyerod 
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vrueiDie.  It  is  aomedmes  produced  in  natare,  where  moist  decay ine 
vegetable  and  animal  matten  are  allowed  to  ferment  in  the  presence  of 
gvpeum ;  it  may  sometimes  also  be  detected  in  the  soil,  and  in  the  waters 
or  mineral  springs,  and  is  contained  largely  in  the  recent  refuse  heaps 
of  the  alkali  works.  Like  the  sulphurets  of  potassium  and  sodium,  al- 
ready described,  it  is  fitted,  when  judiciously  applied,  to  promote  the 
growth  especially  of  those  plants  in  which  sulphur  has  been  recognized 
as  a  necessary  constituent. 

6°.  SidpkaU  of  Lime,  orgypsamt  is  a  well  known  white  crystalline 
or  earthy  compound,  which  occurs  as  an  abundant  mineral  deposit  in 
numerous  parts  of  the  globe.  It  is  present  in  many  soils,  is  contained 
in  the  waters  which  percolate  through  such  soils,  and  in  those  of  springs 
which  ascend  from  rocky  beds  in  which  gypsum  exists,  and  is  detect- 
ed in  sensible  proportions  in  the  ashes  of  many  cuhivated  plants.  It 
is  extensively  employed  in  the  arts,  and  in  some  countries  not  less  ex- 
tensively as  a  means  of  promoting  the  fertility  of  the  land.— [See  Appen- 
dix, p.  1.] 

The  gypsum  of  commerce  contaiDS  nearly  21  per  cent,  of  its  weight 
of  water,  which  it  loses  entirely  on  being  exposed  to  a  red  heat.  In 
some  countries,  a  variety  which  is  almost  entirely  free  from  water  oc- 
curs in  rocky  masses,  and  is  distinguished  by  the  name  ot  Anhydrite. 

Gypsum,  when  burned,  has  the  property  of  being  reduced  with  grei^t 
ease  ioro  the  state  of  an  impalpable  powcfer.  This  powder,  however, 
combines  so  readily  with  the  21  per  cent,  of  water  it  had  previously  lo&t, 
that  if  it  be  mixed  with  water  to  the  consistence  of  a  paste  so  thin  that  it  can 
be  poured  into  a  mould,  it  sets  and  hardens  in  a  few  minutes  into  a  solid 
mass.  In  this  way  burned  gypsum  is  employed  in  making  plaster  casts 
and  cornices. 

Burned  gypsum  consists  of  lime  and  sulphuric  acid  on1y*-in  the  pro- 
|iortions  of  41}  of  the  former,  to  58}  of  the  latter.  Its  use  as  a  manure, 
therefore,  will  be  specially  to  promote  the  growth  of  those  plants  by 
which  these  two  substances  are  more  abundantly  required,  and  upon 
soils  in  which  they  are  already  present  in  comparatively  small  propor- 
tion. 

7^.  Nitrate  of  Ltm^.— The  production  of  nitrate  of  lime  in  artificial 
nitre-beds«  on  old  walls,  and  on  the  sides  of  caves  and  cellars,  especially 
in  damp  situations,  has  already  been  alluded  to  in  Lecture  VIII.,  [p. 
161.]  It  may  be  fi>rmed  artificially  by  dissolving  common  limestone  m 
nitric  add,  and  evaporating  the  sofutioo.  It  constitutes  a  mhite  mass, 
which  rapidly  attracts  water  from  the  air,  and  runs  to  a  liquid.  It  is 
produced  naturally,  and  exists,  as  I  believe,  in  soils  contaming  lime, 
more  comnaonly  than  has  hitherto  been  suspected.  Its  extreme  solubili- 
ty in  watert  however,  renders  it  liable  to  be  carried  downwards  into  the 
lower  portions  of  the  soil  by  every  shower  of  rain-— or  to  be  actually 
washed  away,  when  long  continued  wet  weather  prevails. 

When  healed  to  dull  redness  with  vegetable  matter,  the  nitrate  of 
lime  is  decomposed,  and  is  converted  into  carbonate,  or  when  exposed 
akine  to  a  bright  red  heat,  the  nitrie  acid  is  expelled,  and  quick-lime 
alooe  remains.  Hence  where  it  really  exists  in  plantsi  it  cannot  be  de-> 
tected  in  the  a8h,'-«nd  when  present  va  soils,  it  must  be  separated  by 
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wasbiag  tfaam  in  water,  before  they  are  expoeed  to  a  heat  etifficieot  to 
bum  away  the  orgaoio  matter  they  oontain. 

The  details  already  entered  into  in  the  preceding  lecture  (pp.  159  to 
163)  regarding  the  general  action  of  nitric  acid,  in  promoting  the  natural 
vegetauon  of  3ie  globe,  render  it  unneceMazy  for  me  to  dwell  here  od  the 
•pecial  action  of  its  compound  with  lime^more  particularly  as  the  entire 
subject  of  the  action  of  lime  upon  tlie  land  will  hereafter  demand  from 
us  a  separate  consideration. 

The  nitrate  of  lime  canned,  as  yet,  be  (brmed  by  art,  at  a  sofficieotlv 
cheap  rate  to  allow  of  its  being  maoafaetured  for  the  use  of  the  agricof- 
tnrist. 

Phosphates  cf  litmev— Lime  eombioee  with  phosphoric  acid  in  aeir- 
era!  proportions,  forming  as  many  diflferent  compounds.  Of  these  by 
far  the  most  impoitant  and  abundant  in  nature,  certainly  the  most  iiee« 
ful  to  the  agriculturist,  is  the  taffk  of  bcnes.  It  will  be  necessary,  bow 
ever,  to  advert  shortly  to  two  others,  with  the  existence  of  which  it  ie 
important  for  us  to  be  acouainted. 

A.  Earth  of  Bone*  is  the  name  given  to  the  white  earthy  shrieton  that 
remains  when  the  bones  of  animals  are  burned  in  an  open  fire  until 
every  thing  combustible  has  disappeared.  This  earthy  matter  consista 
chiefly  of  a  peculiar  phosphate  of  lime,  opm posed  of  5U  par  cent,  of 
lime,  and  48^  of  phosphoric  acid.  This  compound  exists  ready  formed 
in  the  bones  of  ail  animals,  and  is  the  substance  selected  in  the  eoooomj  - 
of  nature  to  impart  to  them  tbeir  strength  and  solidity.  It  is  found  in 
smaller  quantity  in  those  of  yoong  animal^  while  they  are  soft*  and 
cartilaginous,— >and  the  softenina  of  the  bones,  which  in  after-life  occurs 
as  the  result  of  disease,  is  caused  by  the  unnatural  abstraction  of  a  greater 
portion  of  this  earthy  matter  than  is  replaced  by  the  food. 

This  earthy  phosphate  constitutes  about  57  per  cent,  of  the  dried  bonea 
of  the  ox,  is  present  in  lesser  quantity  in  the  horns,  hoofs  and  nails,  and 
is  never  abseoKeven  from  the  flesh  aibd  blood  of  healthy  animals.  It 
exists  in  the  seed  of  many  plants,  in  all  the  varieties  of  grain  which  are 
extensively  cultivated  for  food,  and  in  the  ashes  of  most  common  planta. 
The  ashes  of  leguminous,  cruciferous,  and  composite  plants,  are  ea* 
pecially  rich  in  this  compound. 

If  we  consider  that  when  animals  die,  their  bones  are  chiefly  buried  in 
the  earth,  and  that  over  the  entire  globe,  animal  life,  in  one  or  other  of 
its  forms,  prevails,  we  shall  not  be  surprised  that,  in  almost,  every  soil, 
the  earth  of  bones  should  be  found  lo  exist  in  ^eater  or  less  abundance. 
Nor  can  we  have  any  di£ScoUy  in  conceiving,  if  snch  be  the  case, 
whence  plants  draw  their  constant  and  necessary  supplies  of  thia 
substance. 

At  the  same  tiooe,  it  is  true  of  this  compound,  as  of  all  the  others  we 
have  yet  spoken  of,  as  occurring  in,  and  as  necessary  to  the  growth  of, 
vegetables,— that  some  soils  contain  it  in  greater  abundance  than  others, 
and  that  from  some  soils,  thereftws,  certain  plants  will  not  readily  obtain 
as  much  of  this  substance  as  they  require.  This  is  the  narnral  prindpla 
on  which  the  use  of  bone>dust  as  a  manure  chiefly  depends. 

Hence  of  two  marls  both  containing  carbonate  of  lime,  that  will  be 
most  useful  to  the  land  which  contains  also,  as  many  do,  a  notable  por- 
tion of  pbosohate  of  lime ;  and  of  two  limestones,  that  will  be  preferred 
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Ib  ao  agrieoltonl  district  in  whidi  aimnal  i^aitM  most  aboand.    I 
•hall  have  occasion  to  illustrate  this  point  mora  fally,  when  in  a  subse* 

2nent  lecture  I  come  to  explain  the  natural  origin  ix  soils,  and  to  trace 
leir  chemical  constitneots  to  the  several  rooky  masses  fibm  which  thej 
amear  to  have  been  derived. 

before  dismissing  this  topic,  howevert  there  are  one  or  two  proper- 
ties of  this  bone  earth  which  are  of  pncticai  importance,  and  to  which, 
therefore,  I  must  shortly  rsquest  vonr  attention.  It  is  insoluble  in  water 
ot  in  solutions  of  soda  or  potash,  but  it  diasolves  rsadily  in  acids,  such  as 
the  nitric  or  muriatic,  and  also,  though  less  easily  and  abundantly,  in 
common  vinegar.  It  exists  in  milk,  and  is  supposed  to  be  held  in  solu- 
tion by  a  pecnltar  acid  found  in  this  liquid,  and  which  is  distinguished  by 
the  name  of  (ocfic  add  (acid  of  milk). 

It  is  sUghtly  soluble  also  in  a  solution  of  carbonic  acid,  and  of  certain 
other  organic  acids  which  exist  in  the  soil,  and  it  is  by  means  of  these 
acids  that  it  ia  supposed  to  be  rendered  capable  of  enterinff  into  the  roots 
cf  plants.  Wherever  vegetable  matter  exitts,  and  is  uniMrgoing  decay 
ta  the  soil,  the  water  makes  its  way  to  the  nxKs  more  or  less  laden  witn 
carbonic  acid,  and  thus  is  enabled  to  bear  along  wkh  it  not  only  common  ' 
aarbooaie  of  lime,  as  has  been  shown  in  a  previous  lecture  (p.  47),  but 
also  such  a  portion  of  phosphate  as  may  aid  in  supplying  this  necessary 
fed  to  the  growing  plant.* 

In  the  bones  of  animals  the  phosphate  is  associated  with  animal  gda^ 
iMC,  which  can  be  partially  extracted  by  boiling  bones  in  water  under 
a  high  pressure.  It  has  been  observed,  however,  that  the  phosphate, 
when  in  a  minula  state  of  division,  is  sliahtly  soluble  in  a  solution  of 
f^tioe,  and  hence  bones,  from  which  the  jelly  has  been  jpartially  ex- 
traeted  by  hailing,  will  be  deprived  of  a  certain  prooortion  of  their  earthy 
matter  also,  lley  will  have  lost  their  aelatine,  nowever,  in  a  greater 
Dvopoztion,  and  hence,  if  again  AarmMdy  dried^  they  wiM  contain  a 
larger  per-centage  of  booe  earth  than  wnen  in  their  natural  state.  In 
this  country,  bones  are  seldom  boiled,  I  believe,  either  for  the  jelly  they 
aive,  or  as  in  France  and  Germany  for  the  manufacture  of  glue,  tbouffn 
lo  certain  localities  they  are  so  treated  in  open  vessels  for  the  sake  of  the 
csl  they  are  capable  of  yielding.  Such  boiled  bones  are  said  to  act  more 
anickly  when  applied  to  the  land,  but  to  be  less  permanent  in  their  ef- 
racta.  This  may  be  chiefly  owing  to  their  not  bemg  so  perfectly  dry  as 
the  unboiled  bones.  Being  thus  moist,  they  will  eontam,  in  the  same 
weight,  a  oomparatively  smaller  quantity  with  of  the  animal  gelatine 

*  If  to  awlutkm  of  booe  Mrrh  in  muclatie  add  (ipirtt  of  Mil),  lk|oid  anmoDia  (hartaborn) 
be  added,  the  ■olutfoa  win  become  mitkT,  and  a  white  powder  win  fiJl,  which  ie  the  earth 
«r  lN»ea  in  ta  estremelT  mlDMe  state  of  dmaloo.  If  ihia  powder  be  waahed  by  repeated  allte- 
tkona  of  pure  water,  and  be  aAerwarda  well  shalwo  with  iiaier  which  I4  iaturated  with  caiw 
bonic  add,  or  through  which  a  curreat  of  this  gas  Is  made  to  pasa,  a  seoaiUe  portion  of  the 
fihoephete  will  be  found  to  be  taken  op  by  the  water.  TMm  will  appear  on  decanting  the 
aoliition  and  evaportting  it  to  dryness,  when  a  qoaolilF  of  the  while  powder  wUl  remain  be- 
hind. The  mean  of  10  experiments  made  in  this  way  fare  me  3D  gralna  for  the  qoahtity  of 
phoephale  taken  up  by  an  imperial  gaUon  of  water,  what  takea  place  in  this  way  in  oo^ 
t._^.  ^ . ^ ^    ^ ._  ^ ■"    -"'h  enters  the  root  bear  with  it  a  por- 

I  sopersbandsm  water  also  which 


pHoepiMle  taken  up  l»y  an  imperial  galkm  of  water.  What  takea  place  in  this  wav  in  < 
naniML  happens  slso  in  the  solL  Not  only  does  thst  which  enters  the  root  bear  with  it  a  p 
aon  or  tnla  eompoand  where  ft  exfsis  In  the  eoll,  but  ttie  sopersbundsiit  water  also  wh 
nme  off  the  euriace  or  sinks  throtuh  to  the  drains,  eanies  with  It  10  the  livers  In  Its  coarse 
%  aliO  larger  quantUv  of  thia  solnble  eompoond,  and  thoa  gradoslly  lessens  that  aapply  01 
phosphate  which  sitner  exisia  ottnnMj  is  the  soU,  er  hsa  beea  added  aa  a  naaore  by  the 
ffnetieal  i«rlo«itiirtst. 
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and  of  die  earthy  phosphate,  while  they  will  also  be  more  nisceptible  of 
epeedy  deeompositioo  when  buried  in  the  soil.* 

Id  solutions^  of  oommoo  salt  and  of  sal-ammoniac,  the  earth  of  hooes 
is  also  slightly  soluble,  and  cases  may  occur  where  the  preface  of 
these  compounds  in  the  soil  may  facilitate  the  oonveyaoce  of  the  eaithy 
phosphate  into  the  roots  of  plants^ 

.  B.  AtMlorBi-PkotphaUof  Lme^^^WbenhuTBedhooe^nieTednceA 
to  powder,  and  digested  in  snlphuric  acid  (oil  of  vitriol),  diluted  with 
once  or  twice  its  weiffht  of  water,  the  acid  combines  with  a  portion  of  the 
lime,  and  forms  sulpnate  of  lime  (gypsam),  while  the  remainder  of  the 
lime  and  the  whole  of  the  phosphoric  acid  are  dissolved.  The  solution^ 
therefore,  contains  an  aeid  phosphate  of  lime,  or  one  in  which  the  phos- 

?horic  acid  exists,  in  much  larser  quantity  than  in  the  earth  of  bones. 
*he  true  bi*phospbate,  when  free  from  water,  consists  of  711  of  phos- 
phoric acid,  and  ish  of  lime.  It  exists  in  the  urine  of  most  animals,  and 
IS  therefore  an  important  constituent  of  liquid  manures  of  animal  origin. 

If  the  mixture  of  gypsum  and  acid  phosphate,  above  described,  be 
largely  diluted  with  water,  it  will  form  a  most  valuable  liquid  manure, 
especially  for  crass  land,  and  for  crops  of  rising  com.  Iti  this  liquid 
state,  the  phos|^ric  acid  will  diffuse  itself  easily  and  perfectly  through- 
out the  soil,  ami  there  will  speedily  lose  its  acid  character  by  oombimng 
with  one  or  other  of  the  iosicf  substances,  almost  always  present  ia 
every  variety  of  land. 

Or  if  to  tfale  solution,  before  it  is  applied  to  the  land,  a  quantity  of  peart- 
ash  be  added  until  it  begin  to  turn  milky,  a  mixture  of  the  phosphates 
with  the  sulphates  of  lime  and  of  potash  will  be  obtained,  or--4f  soda  be 
added  instead  of  potash*— of  the  phosphates  with  the  sulphates  of  lime 
and  of  soda ;  either  of  which  mixtures  will  be  still  more  efficacioaa 
upon  the  land,  than  the  solution  of  the  acid  phosphates  alone. 

Or  to  the  solution  of  bones  in  the  acid,  tbe  potash  or  soda  may  be  added 
without  further  dilution,  and  the  whole  then  dried  up  by  the  addition  of 
charcoal  powder,  or  even  of  vegetable  mould,  till  it  is  in  a  sufficiently 
dry  state  to  be  scattered  with  the  hand  as  a  top-dressing,  or  buried  in 
the  land  by  means  of  a  drill. 

I  have  above  alluded  to  the  employment  of  bones  in  France  and  Ger- 
many, for  the  manufacture  of  glue.  For  this  purpose  the  broken  bones 
are  digested  in  weak  muriatic  acid,  by  which  the  earthy  matter  is  dis- 
solved, and  the  gelatine  left  behind.  The  gelatinous  skeleion  is  boiled 
down  for  glue,  and  the  solution  of  the  bone  earth  is  thrown  away.  This 
solution  contains  a  mixture  of  the  eudd  phosphate  of  lime  with  chloride 
of  calcium,— and  might  be  used  up  in  any  of  the  ways  above  described, 
with  manifest  benefit  to  the  land.  The  glue  prepared  by  this '  method, 
however,  is  said  to  be  inferior  in  quality,  and  as  the  process  is  not  adopt- 
ed in  tills  country,  the  opportunity  of  making  an,  economical  appUcaiioQ 
of  this  waste  material  n  not  likely  to  be  often  presented  to  the  English 
farmer. 

*  The  rditlTe  tbIim  oferfMlMd  booM  in  thMe  two  ■lataa,  Is  Indlmted  fey  the  priea  of  lbs 
unboiled  beiof  about  7  guineaa,  while  chat  of  boiled  la  onljr  about  4  guineas  a  ton. 

t  This  word  has  alraady  been  used  and  exptalned—ft  is  applied  to  poiash,  soda,  ammonlay 
lime,  nufnesis,  sod  other  substances,  whieh  have  the  (wopeity  of  eomMninf  with  acids  (sal> 
pburio,  nltticj  Ac)  and  of  tbos  ntuiruUMimg  them,  or  deprhrinf  tbem  ef  Ikeir  astd  qwlSlss 
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C.  Natiw  PhosphaU  of  Lime  or  Apatite. — In  some  parts  of  the  world, 
a  hard  mioeral  substance,  commonly  known  by  the  name  of  Apatite* 
occurs  in  considerable  quantity.  It  consists  chiefly  of  a  phosphate  of 
lime,  which  differs  but  slightl^r  in  its  constitution  from  the  earth  of  bones, 
—containing  54^  per  cent,  of  lime,  while  the  latter  contains  only  51^  per 
cent.  The  composition  of  this  mineral  would  lead  us  to  expect  it  to 
possess  a  favourable  action  upon  vegetation,  and  this  anticipation  has 
been  confirmed  by  some  experiments  made  with  it  on  a  limited  scale  by 
Sprengel.— [G^mt^,  I.,  p.  64.] 

It  occurs  occasionally  in  mineral  veins,  especially  such  as  are  found 
in  the  granitic  and  slate  rocks.  Masses  of  it  are  met  with  in  Cumber- 
land, in  Cornwall,  in  Finland,  in  the  iron  mines  of  Arendahl  in  Nor- 
way, and  in  many  other  localities.  A  variety  of  it  distinguished  by  the 
name  of  phosphorite  is  said  to  form  beds  at  Schlachenwalde  in  Bohemia* 
and  in  the  province  of  £stremadura  in  Spain.  From  the  last  of  these 
localities  being  the  most  accessible,  the  time  may  come  when  the  high 
price  of  bones  may  induce  our  enterprising  merchants  to  import  it,  for 
the  purpose  of  being  employed  in  a  finely  powdered  state  as  a  fertiUzer 
of  the  land. 


LECTURE  X. 

InorKuiic  conatttoeots  ofpluta  eontinaed.— afagnesU.  AIomlM,  Silica,  and  the  Oxidea  of 
Imn  and  Manganaac.— Iwilar  view  of  the  constitution  of  the  inorganic  aabaiancea  d6- 
ficribed.— Fropoitlooa  in  which  theae  aeyeral  oubatancea  are  found  in  the  planta  cuidvaled 
for  food.— Extent  to  which  theae  planta  exhauat  the  aoU  of  tnoiianic  vagatahJle  Ibod.— aiaim 
in  which  the  looKfuiio  elementa  exitt  in  pianta. 

§  1.  Iwyrgamc  corutitu^nta  of  plants  eonlinu^. 

VIII. — ^MAOIfRSlUM*   MAeNEBIA,  CARBONATE^  SULPHATE,   NITRATE,  AND 
FH06PBATE  OF  MAGNESIA,   CHLORIDE  OF   MAGNESIUM. 

1^.  CarhcnaJU  of  Magnesia  is  a  tasteless  earthy  compound,  which  in 
some  parts  of  die  world  forms  rocky  masses  and  veins  of  considerable 
height  aod  tbicknasa.  It  occurs  more  largely,  however,  in  connection 
with  carbonate  of  lime  in  the  magnesian  limestones,  so  w^U  known  in 
the  eastern  and  northern  parts  of  £ngland,*— and  in  similaf  rocks,  dis- 
tinguished by  the  name  of  dol&iniUs  or  of  dolomitic  limestones,  in  va« 
rious  countries  of  Europe.  The  pure,  exceedingly  li^ht,  white  magne- 
sia of  the  shops,  is  partly  extracted  from  tiie  magnesian  limestone,  and 
partly  from  tne  mother  liquor  of  the  salt  pans,  which  generally  contains 
much  magnesia. 

When  pure  and  dry,  carbonate  of  magnesia  consists  of  431  of  magne- 
sia, and  51}  of  carbonic  acid.  It  dissolves  readily  in  diluted  acids  (sul- 
phuric, muriatic,  and  acetic,)  the  carbonic  acid  at  the  same  time  esca- 
ping with  efiervescence. 

Existing  as  it  does  in  many  solid  rocks,  this  carbonate  of  magnesia 
may  be  expected  to  be  present  in  the  soil,  and  it  is  found  in  the  ashes  of 
many  plants.  Of  the  ashes  of  some  parts  of  plants  it  constitutes  one- 
sixth  of  the  entire  weight. 

When  exposed  to  the  air  in  a  finely  divided  state,  it  gradually  absorbs 
a  quantity  of  moisture  from  the  atmosphere,  equal  to  two-thirds  of  its 
own  weight.  In  this  state,  it  dissolves  in  48  limes  its  weight  of  water, 
though,  when  dry,  it  is  nearly  insoluble.  Like  carbonate  of  lime  it  is 
also  soluble  in  water  impregnated  with  carbonic  acid,  but  in  a  some- 
what greater  degree.  In  this  state  of  solution  it  may  be  readily  carried 
into  the  roots,  and  be  the  means  of  supplying  to  the  pans  of  living  ve- 
getables a  portion  of  that  magnesia  which  is  necessary  to  their  perfect 
growth. 

Soils  containing  much  of  this  carbonate  of  magnesia  are  said  to  be 
higiily  absorbent  of  moisture,  and  to  this  cause  is  ascribed  the  cddntss  of 
such  soils. — [Sprengel,  Chemie,  I.,  p.  645.]  This  opinion  is,  however, 
open  to  doubt. 

2°.  Matmesia  or  CausUc  Magnesia^  the  calcined  magnesia  of  the 
shops, — When  the  carbonate  of  magnesia  is  heated  to  redness  in  the 
open  air,  it  parts  with  its  carbonic  acid  much  more  readily  than  lime 
does,  and  is  brought  into  the  state  of  pure  or  caustic  magnesia.  In  this 
state  it  does  not  occur  in  nature,  but  it  is  occasionally  met  with  in  com- 
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bloation  wiUi  about  3(^  per  coot  of  water.  When  magnenan  Kmo- 
atones  or  dolomites  are  bamed,  the  qoick-lime  obtained  often  oontaios 
caustic  piagoesia  also  in  considerable  quantity.  This  mixiure  is  fre- 
quently applied  to  the  land,  and,  as  is  well  koowa  ia  inan^  parts  of 
England,  with  injurious  efiects,  if  laid  on  in  too  lam  quantities.  The 
cause  of  this  hot  or  barniog  muuesi  as  it  is  called^  of  magnesian  time,  is 
not  very  satisfactorily  ascertained.  I  sball^  bowever,  state  two  or  three 
facts,  which  may  assist  in  conducting  us  to  the  true  cause. 

1^.  Quick-lime  dissolves  in  750  tunes  its  weight  of  water,  at  the  or- 
dinary temperature  of  the  atmospberev  while  pure  magnesia  requires 
5142  timev  its  weight.  .  The  OMpesiay  tberefims  is  not  likely  to  i^uro 
living  plants  direcuy  by  entering  into  their  roots  in  its  cauitic  state,  since  , 
lime  which  is  seveti  times  more  soluble  prodooes  no  injurious  effect. 

t^.  It  seems  to  be  the  result  of  experienoet  that  magnesia  in  the  state 
f^carbonate  is  but  ilighily  tqjorioos  to  the  laud ;  some  deny  that  in  this 
state  it  has  any  injurious  efiect  at  all.  This  I  fear  is  doubtful ;  we  may 
infer,  bowever,  with  some  decree  of  probability,  that  it  is  from  some 
property  possessed  by  magnesia  in  the  caustic  state,  and  not  possessed, 
or  at  least  in  an  equal -degree,  either  by  ^mck4ime  or  by  carbonate  of 
magnesia,  that  its  evil  influence  is  chiefiif  to  be  ascribed. 

3^.  When  exposed  to  the  air,  quick-iime  speedily  absorbs  water  and 
carbonic  acid  from  the  air,  forming  first  a  hydraU*  in  6ne  powder,  and 
then  a  carbonate.  Caustic  magnesia  tabsorb«  both  of  these  more  slowly 
than  lirnedoes,  and  in  the  presence  of  the  latter,  or  when  mixed  with  it, 
must  absorb  them  more  slowly  stUU  since  the  lime  will  seize  on  the 
greater  portion  of  the  moisture  and  carbooie  acid  which  exists  in  the  air, 
immediately  surcouodiog  both.  Whan  slaked  m  the  air  also,  the  lime 
may  be  transformed  in  great  part  into  carbonate,  while  the  magnesia 
still  remains  in  the  stale  of  hydrate,  and  it  is  a  property  of  this  hydrate 
to  attract  carbonic  acid  more  feebly  and  sfewlv,  even  than  the  newly 
burned  magnesia  as  it  comes  from  the  kiln.  llence  when  buried  in  the 
soil,  aAer  the  lime  has  b^pome  nearly  all  iransformed  imo  carbonate,  the 
magnesia  may  still  be  all  either  in  tiM  dry  caustic  state,  or  in  that  of  a 
bydraie  only. 

4^.  Now  there  exist  in  the  sail,  and  probably  are  exuded  fiom  the 
living  roots,  various  €icid  substances,  both  of  organic  and  of  inorganic 
origin,  which  it  is  one  of  the  functions  of  Hrm,  when  applied  to  the  land, 
to  combine  with  and  render  inaoxious.  Bnt  these  aeia  compounds  unite 
rather  with  the  caustic  magnesia,  than  with  the  lime  which  Is  already 
in  combination  with  carbonic  acid---and  fiirrasa(£i,f  which  geaerally  are 
much  more  soluble  in  water  than  the  eompounda  of  lime  with  the  same 
acids.  Hence  the  water  that  goes  to  the  roots  reaches  them  more  or 
less  loaded  with  magnesian  salts,  and  carries  into  the  vegetable  circula- 
tion more  magnesia  than  is  consistent  with  the  healthy  growth  of  die 
plant.  . 

It  is  hazardous  to  reason  from  the  phenomena  of  animal  to  those  of 

'  Oompounds  of  mbfltanees  wlUi  waier  are  called  k^dratet  (from  the  Greek  word  for  m^ 
ter.)  Tmw  slaked  Hme,  a  eomponnd  or  lime  with  water,  to  called  hydrate  ofUme—^nd  (he 
naiUTe  compoood  of  inatnetfa  with  water,  aUuded  to  la  chs  text,  la  caHed  kjfdnUe  of  mag' 


t  Compoaods  of  fht  AoMer-potaahf  aodiu  ltaM»  ■aanila,  Ai.^   wkh  mkhi   mOphmlc^ 
— "-"%  Dttite,  acetic  Cor  viaagu),  Ac,— era  called  eofie. 

9* 
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▼egetable  pb^rmology,  yet  if  lime  and  magneflia  have  the  power  of  dif^ 
ferently  affecting  me  animal  ecooomy,  why  may  "they  not  also  very 
differently  afiect  the  vegetable  eeonoroy  9  And  since  in  the  same  cir- 
cumttaocee,  and  is  oombioatioa  with  the  etihstancee  they  meet  with 
in  the  same  soils,  magoesia  is  capaUe  of  entering  mom  largely  into 
a  plant  by  its  roots-^noay  not  magnesia  be  considered  capable  of  poi- 
soning a  plaott  when  lime  id  the  same  condition  would  only  improve 
the  soil  ? 

1  have  said  that  it  may  be  doobted  whether  magnesia  iir  the  state  of 
carbonate  is  wholly  uohurtfol  to  the  land.  This  doubt  rests  on  the  fact 
that  the  magnesia  retaiM  its  carbonic  add  more  feebly  thorn  Time  doea 
—and  therefore  iu  carbonate  is  the  more  easily  decompoeed  when  as 
acid  body  comes  in  contact  with  boib.  Thoogh,  therefore,  the  mag- 
nesiaq  carbonate  will  not  layholdof  all  acid  matter  so  readily  and  surely 
as  caustic  magnesia  may,  still  occasions  may  oecirr  where  aeid  mattera 
being  abundant  in  the  soil,  so  much  carbonate  of  magnesia  nrmy  be  de- 
composed and  dissolved  as  to  render  the  water  absorbed  by  its  roots 
destructive  to  the  health  or  life  of  a  plant. 

.  In  reference  to  this  point,  however,  it  most  be  distinctly  imderstoofl; 
that  magnesia  is  one  of  the  kinds  of  inorganic  food  most  necessary  tcr 
plants,  that  a  certain  qfiantity  of  it  in  the  soil  is  absolutdy  necessary  to 
the  growth  of  nearly  all  cultivated  plants,  and  that  it  is  only  when  it  ia 
conveyed  to  the  nxiu  in  too  large  a  quantity,  tliat  it  proves  injurions  to 
vegetable  life. 

6°.  Magnesium  is  the  metaUie  baais  of  magnesia.  Little  is  known 
of  its  pro|)erties,  owing  to  the  difficnlty  of  preparing  it  in  any  coni»ider- 
able  quantity  for  the  purpose  of  experiment.  It  is  a  white  metal,  which, 
when  healed  in  tlie  air,  takes  fire  and  boms,  combining  with  the  nxygecr 
of  the  atmospkiere,  and  forming  magnesia.  It  is  not  known  to  occur  iii 
nature  in  an  elementary  foras,  and  therefore  is  not  supposed  directly  to 
influence  vegetation. 

6°.  CkLoriUe  of  JtfagneicMii.— When  calcined  or  carbonated  mngne- 
sia  is  dissolved  in  muriatic  acid,  and  the  solution  eva|K>rated  to  dryness, 
a  white  mass  is  obtained  which  is  achloricUofmaf^nesiwnt  consisting  of 
magnesium  and  ehkyrine only.  This  onmpocrnd  occurs  not onfrequentty 
in  the  soil,  associated  with  chloride  of  calcium*  It  is  met  with  also  in 
the  ash  of  plants,  wliile  in  aea  water,  and  in  that  of  some  sah  lakes,  ri 
extsta  in  very  coosiderable  quantity.  Thus  1(99  parts  of  the  water  of 
the  Atlantic  have  been  found  to  contain  3i  of  chloride  of  magnesium, 
while  that  of  the  Dead  Sea  yields  about  24  parts  of  this  compound.* 
Hence  it  is  present  in  great  abundance  in  the  mother  lif|uor  of  the  salt 
pans,  and  it  is  from  the  refuse  chloride  in  this  liquor  that  the  magnesia 
of  the  shops,  as  above  stated,  is  frequently  prepared. 

The  chloride  of  magnesium  has  not  hitherto  been  mildethe  subject  of 
direct  experiment  as  a  fertilizer  of  the  land.  -  Fmni  the  fact,  however, 
that  plants  require  much  magnesia  and  some  chlortn<»,  there  is  reason  to 
believe  that,  if  cautiously  applied,  it  might  pmve  beneficial  in  srmiesoHs^ 
and  especially  to  grain  crops.  Its  extreme  solubility  in  water,  however, 
suggests  the  use  of  caution  in  its  application.     The  safest  method  is  to 

-  lOOMTtaof  Oiewitsrof  the  9mA  0es  contain  «bo  tbqjit  10|  of  ehkMrfdo  of  adcluBu 
•ad  nearly  S  of  eonunonnlL  ^^ 
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dissolve  it  in  a  lar^e  'quaQtity  of  water,  and  to  apply  it  fo  the  yoang 
plant  by  means  of  a  water-cart.  In  this  way  the  refuse  of  the  salt 
works  might,  in  some  localities,  be  made  available  to  useful  purposes. 

The  chloride  of  magnesium  is  decomposed  both  by  quick-lime  and  by 
carbonate  of  lime ;  hence  when  applied  to  a  soil  containing  lime  if) 
either  of  these  states,  chloride  of  calcium  and  caustic  or  carbonated  mag 
nesia  will  be  produced. 

7**.  Nitrate  of  Magnesia  is  formed  by  dissolving  carbonate  of  magne- 
sia in  nitric  acid, and  evaporating  the  solution.  It  attracts  moisture  from 
the  air  with  great  rapidity,  and  runs  into  a  licjuid.  It  is  probably  formed 
naturally  in  soils  containing  magnesia,  in  the  same  way  as  nitrate  of 
lime  is  known  to  be  produced  in  soils  containing  lime.  [See  Lecture  . 
VIII.,  p.  159.]  No  direct  experiments  have  yet  been  made  as  to  its 
effects  upon  vegetation  ;  but  there  can  be  no  doubt  that  it  would  prove 
highly  beneficial,  could  it  be  procured  at  a  sufBcienily  cheap  rate  to  ad- 
mit of  its  economical  application  to  the  land. 

8^.  Sulphate  of  Magnena'^xhe  common  Epsom  salts  of  the  shops-^ 
is  formed  by  dissolving  carbonate  of  magnesia  in  diluted  sulphuric  aci^. 
It  exists  in  nearly  all  soils  which  are  formed  from,  or  are  situated  in, 
the  neighbourhood  of  rocks  containing  magnesia.  In  some  soils  it  is  so 
abundant  that  in  dry  weather  it  forms  a  while  efflorescence  on  the  sur- 
face. This  has  been  observed  to  take  place  in  Bohemia,  Hungary,  and 
parts  of  Germany,  and  it  may  be  frequently  seen  in  warm  summer 
weather  in  the  neighbourhood  of  Durham.* 

This  salt  has  been  found  by  Sprengel  to  act  upon  vegetation  precisely 
in  the  same  way  as  gyjwum  does,  and  on  the  same  kind  of  plants.  It 
must  be  used,  however,  in  smaller  quantity,  owing  to  its  great  solubili- 
ty. Its  higher  price  will  prevent  iis  ever  bein^  substituted  for  gypsum, 
as  a  top-dressing  for  clover,  &c.,  but  it  is  worth  the  trial,  whether  com 
plants,  the  grain  of  which  contains  much  magnesia,  might  not  be  bene- 
fitted by  the  application  of  a  small  quantity  of  this  sulphate— along  with 
tnch  other  substances  as  are  capable  of  yielding  the  remaining  cot^siit- 
nents  which  compose  the  inorganic  matter  of  the  grain.  Its  price  is  not 
too  high  to  admit  of  this  more  restricted  application.f 

9^.  Phosphate  of  Magnesia.^-'Maffnesm  exists  in  combination  with 
phosphoric  acid,  in  the  solids  and  fluids  of  all  animals,  though  not  so 
abundantly  as  the  phosphates  of  lime.  In  most  soilvphosphate  of  mag- 
nesia is  probable  present  in  minute  quantity,  since  in  the  ashes  of  some 
varieties  of  grain  it  is  (bund  in  very  considerable  proportion. 

Its  action  upon  vegetation  has  never  been  tried  directly,  but  as  it 
exists  in  urine,  and  in  most  aniinal  manures,  a  portion  of  iheir  efficacy 
may  be  due  to  its  presence.  In  turf  ashes,  which  often  prove  a  valua- 
'blo  manure,  it  is  sometimes  met  with  in  appreciable  quantity,  and  their 
beneficial  operation  in  such  cases  has  been  attributed  in  part  to  the  agen* 
cy  of  this  phosphate. 

*  It  oc«afllona]lT  colIect§  beneath  the  plaMer  of  old  walls  in  Durham.  In  one  of  (he  lower 
roonw  of  the  old  Exchequer  buildings,  I  found  i(  forming  an  extensive  layer  nearly  half  an 
lorli  thick,  beneath  the  damp  plaster.  The  rongncsia  is  derived  from  the  magnealan  Um«* 
•tone,  used  both  for  mortar  and  for  building  stone. 

t  Its  price  in  Newcastle  in  the  rtate  of  crystnls,  is  about  lOs.  a  cwt.  The  Impure  salt  eel- 
lecteO  at  the  alum  works  on  tho  Yorkshire  covi,  might  be  obleiaed,  I  should  wppoeei  for 
little  more  than  haJf  this  price. 


204  ALUMINA  THX  tUlSClFAL  C01V8TITUKAT  OF  CUkTS* 

IX.— -ALUinNIVM,  AJ.UMINA,  BUX«I;BAT£   AJTD  FH08PHATB  OF 
ALUMINA — ALUM.' 

1°.  Almommm  is  another  of  those  rare  and  little  known  metals,  the 
existence  of  which  was  established  by  Sir  U.  Ba^y.  In  combination 
with  oxygen  it  fonns  alumina^  and  in  this  state  it  exists  in  such  abnn* 
dance  m  natare*  as  to  form  a  large  portion  of  the  entire  crust  of  the 
globe. 

2^.  Muminat  (he  earih  of  Mum.-^When  common  alum  is  dissolved 
in  water,  and  a  solution  of  carbonate  of  soda  or  of  aounonia  is  added  to 
it,  a  bulky  white  powder  falls«  which,  when  collected  on  a  filter,  well 
washed  and  dried,  is  nearly  pure  alumina.  This  substance  occurs  on 
the  surface  of  the  earth  in  a  pure  state  only  in  some  rare  minerals,  such 
as  the  corundum,  the  sapphire,  and  the  ruby, — ^but  it  consdtates  a  large 
proportion  of  all  the  slaty  and  shaley  rocks.  It  is  the  principal  ingre- 
dient also  of  all  clays  (pipe-clay  for  example)  and  clayey  soils,  which 
increase  in  tenacity  in  proportion  to  the  quantity  of  alummathey  contain. 

When  pute,  it  is  a  white  tasteless  earthy  substance,  which  adheres  lo 
the  tongue,  has  a  density  of  2-00,  and  is  insoluble  in  water,  but  dissolves 
.readily  in  caustic  potash  and  soda  and  in  most  acids,  at  least  when  new* 
ly  thrown  down  from  a  solution  of  alum.  When  bested  to  redneas, 
however,  it  becomes  hard  and  dense,  as  in  burned  clay  and  fire  bricks, 
and  can  then  only  be  dissolved  with  extreme  difficulty,  even  by  the 
strongest  acids.  Tbongh  it  exists  so  largely  in  the  soil,  it  cootnbnies 
but  little  in  a  direct  manner  to  the  nouri^merU  of  plants.  The  ash  they 
leave  contains  in  general  but  a  very  small  per-centage  of  alumina,  as 
^vilI  more  clearly  appear  hereafter,— the  principal  agency,  therefore,  of 
this  ingredient  of  the  soil  is  most  probably  of  an  indirect,  perhaps  of  a 
mechanical  kind. 

It  has  been  stated  in  a  preceding  Lectore  (p.  23),  that  charcoal  has 
the  property  of  absorbing  aaseous  substances,  such  as  ammonia,  from 
the  atmosphere,  and  that  the  action  of  charcoal  powder,  in  promoting 
vegetation,  has  been  in  a  great  measure  ascribed  to  this  property.  Th^ 
saaie  property,  we  have  also  seen  (p.  136),  is  ascribed  to  gypsum,  and 
heoce  .its  fertilizing  action  has  been  explained  in  a  similar  way.  Alum-* 
ioa  is  said  to  be  equally  absorbent  of  ammonia ;  and  the  use  of  burned 
clay  as  a  top-dressing,  so  stronfily  recommended  by  General  BeatsQD« 
[J\ew  System  of  Cmiivatioit,  London,  1820,]  is  ascribed  to  its  power 
of  abstracting  aoomonia  from  the  air,  and  fixing  it  In  the  soil  ready  to  be 
conveyed  by  .the  rains  to  the  roots  of  the  plants  that  grow  upon  it  [Liebig« 
p.  90.]  It  has  been  already  shown  (p.  136,)  that  (his  mode  of  ac* 
counting  for  the  action  of  gypsum  is  not  satbfaciory  as  a  sole  cause— ia 
the  case  of  alumina,  the  fact  of  its  absorbing  ammonia  is  hypothetical,* 
and  therefore  the  explanation  founded  upon  this  fact  is  not  to  be  impli- 
citly relied  upon. 

3^.  Sulphate  of  Mumina, — When  alumina  is  digested  in  diluted  sul- 

BecauM  claTS  of  many  varieties— pipe-clay  for  example— contain  traeea  of  ■ri"i^?iiia^ 
which  diey  evolTe  when  moMened  with  a  solmion  of  caoatic  potaiOi,— It  fa  inferred  that 
thoy  have  abaoftted  ttila  ammonia  (h>m  the  atmosphere.  The  same  inference  la  drawn 
from  the  fact  of  ita  presence  In  ojdde  of  Iron.— [Lieblg's  Organic  Chemutry  appHed  to  Agri' 
cu'ture,  p.  80.}— In  neither  ease  does  the  Inference  appear  to  me  to  Im  fieoBMury.  Much  of 
th«  ammonia  magr  have  baen  formed  in  the  aoll,  during  the  oxidation  of  the  ffon  tiaelf,  or 
liurin^  the  dccajT  of  vvfUaMa  and  animal  aubalanoea.-«ea  above,  Leecura  VtIL,  p.  166. 
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pharic  acid*  It  readily  diMplves,  and  Ibrms  a  solution  of  sulphate  oC 
alumioa*  This  solution  is  cbaraolerised  by  a  remarkable  and  almost 
peculiar  sweetish  astringent  taste.  "When  evaporated  to  dryness  it  yields 
a  white  salt,  which  dissolves  in  twice  its  weight  of  water  only,  and  when 
exposed  to  the  air,  attracts  moisture  rapidly,  and  spontaneously  runs  to 
a  liquid.  This  salt  exists  in  some  soils,  especially  in  those  of  wet* 
marshy,  and  peaty  lands. 

No  experiments  have  yet  been  made  with  the  view  of  determining  ita 
direct  innuence  upon  vegetation. 

4^.  PhosphaUs  of  J /umina.— In  combination  with  phosphoric  acidt 
alumina  forms  one  compound  well  known  to  mineralogists,  by  the  name 
ol[to(tvdUU^  This  mineral,  however,  occurs  in  too  small  quantity  to  be 
ao  object  of  interest  to  the  agriculturist. 

Phosphoric  acid  is  dissemmated  in  sonse  form  or  other  throughout  our 
clayey  soils,  though  in  very  small  and  variable  quantity.  It  is  most 
probable  that  in  these  soils  a  portion  of  the  acid  at  least  is  in  combina- 
tion with  the  alumina  in  the  state  of  phosphate.  One  of  the  roost  diffi- 
cult problems  in  analytical  chemistry  is  to  effect  a  perfect  separation  of  ^ 
small  proportion  of  piiosphoric  acid  from  alumina,  and  rigorously  to  esti- 
mate its  quantity ;  hence  in  the  greater  part  of  the  analyses  of  soils  hiiheno 
published,  this  most  important  ingredient  in  a  fertile  soil  (the  phosphoric 
acid),  when  in  combination  with,  or  in  presence  of  alumina,  has  either 
been  altogether  neglected,  or  rudely  guessed  at,  or  indicated  by  a  rough 
approximation  only.  We  have  no  direct  proofs  therefore,  of  the  extent 
to  which  tha  phosphates  of  alumina  exist  in  different  soils. 

5^.  ^Zum.-^The  common  alum  of  the  shops  owes  its  well  known 
sweetish  astringent  taste  to  the  presence  of  the  above  sulphate  of  alumi- 
na. It  cdhsisis  in  100  parts  of  about  40  of  sulphate  of  alumina,  14l  of 
potash,  [described  p.  189,]  and  45|  of  water.  Alum  is  formed  naturally 
on  many  parts  of  the  earth*s  surface,  especially  as  an  efflorescence  on 
certain  soils,  and  on  some  rocks  when  exposed  to  the  air,^a8  on  the 
alum  shales  of  the  Yorkshire  coast.  It  is  largely  manufactured  by  cal- 
cining* and  afterwards  washing  these  alum  shales. 

Alum  has  not  been  extensively  tried  f^  a  manure.  Its  composition, 
however,  would  lead  us  to' expect  it  to  eaert  a  beneficial  influence  on  tha 
growth  of  ma^y  plants— while  the  price,  especially  of  the  less  pure  va- 
rieties* is  such  as  to  admit  of  its  being  applied  to  the  land  at  a  compara- 
tively small  cost.  From  some  experiments  made  on  a  small  scale, 
Sprengel  considers  it  highly  worthy  the  attention  of  the  practical  agri 
cultarist. 

X.-— 8IZ.ICA,  8'lI.ICOir,  SILICATES  OT  POTASH,  OF  SODA,  OF  LllTE,  OF 
KAGIVCSIA,  AND  OF  ALUMINA. 

1^.  Sirica.— The  chief  ingredient  in  all  sapd-stones  and  in  nearly  all 
sands  and  sandy  soils,  is  known  to  chemists  by  the  name  of  silica.  Flints 
are  nearly  pure  silex  or  silica«MX)mmon  quartz  rock  is  another  form  of 
the  same  substance — while  the  colourless  and  more  or  less  transparent 
varieties  of  rock  crystal  and  chalcedony  present  it  in  a  state  of  almost 
perfect  purity.  It  exists  abundantly  m  almost  all  soils,  consdtutiuff 
what  is  called  their  siliceous  portion,  and  is  found  in  the  ashes  of  aU 
I        planu  without  exception,  but  especially  la  thosa  of  the  grasses.    Silica 
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18  withoat  colour,  taste,  or  smell,  and  cannot  be  melted  by  the  strongest 
heat.  As  it  occurs  in  the  mineral  kingdom— in  the  state  of  flint,  of 
quartz,  or  of  sand— it  is  perfectly  insolnbie  in  pure  water,  either  cold  or 
hot,  does  not  dissolve  in  acid  and  very  slowly  in  alkaline  solutions. 
When  mixed  with  potash,  soda,  or  Kme,  and  heated  in  a  crucible  to  a 
high  temperature,  it  melts  and  forms  a  glass.  Window  and  plate  glass 
consists  chiefly  of  silica,  lime,  and  soda,  flint  glass  contains  litharge 
[oxide  ofleadj  in  place  of  the  lime.  But  though  the  various  forms  of 
more  or  less  pure  silica,  vhich  are  met  with  in  the  mineral  kingdom, 
are  absolutely  insoluble  in  water,  yet  it  sometimes  occurs  in  nature,  and 
can  readily  be  prepared  in  a  state  in  which  pure  wafer,  and  even  acid 
solutions,  will  take  it  up  in  considerable  quantity.  In  this  state  it  may 
be  obtained  by  reducing  crown-glass  to  a  fine  powder,  and  digesting  it 
in  strong  munadc  acid,  or  by  melting  quartz  sand  in  a  large  qnantity  of 
potash  or  soda,  and  afterwards  treating  the  glass  that  is  formed  with  di- 
luted muriatic  acid. 

Silica  IS  one  of  the  most  almndant  sabstances  in  nature,  and  in  eom- 
binaiion  with  potash,  soda,  lime,  magnesia,  and  alumina,  it  forms  a 
large  portion  of  all  the  so-called  crvstalline  (granitic,  basaltic,  &c.) 
rocks.  The  compounds  of  silica,  with  these  bases,  are  called  silicates. 
By  the  action  of  the  air,  and  other  causes,  these  silicates  undergo  decom- 
position, as  glass  does  when  digested  with  muriatic  acid,  and  the  silica 
is  separated  in  the  soluble  state.  Hence  its  presence  in  considerable 
quantity  in  the  waters  of  many  mineral  and  especially  hot  mineral 
springs,  and  in  appreciable  proportion  in  nearly  all  waters  tlfat  rise  from 
any  considerable  depth  beneath  tBe  surface,  or  have  made  then*  way 
through  any  considerable  extent  of  soil. 

In  the  substance  of  living  vegetables  it  exists,  for  the  most  part,  in 
this  state  of  combination-— as  well  as  in  the  form  of  an  exttf  mely  deli- 
cate tissue,  of  which  the  fibres  are  exceedingly  minute,  and  therefore 
expose  a  large  surface  to  the  action  of  any  decomposing  agent,  or  of  any 
liquid  capable  of  dissolving  it.  In  the  compost  heaps  these  silicates 
undergo  aecompositinn,— and  the  more  readily  the  less  they  have  been 

{)reviously  dried,  or  the  greener  they  are,— and  the  silica  of  the  plant  is 
iberaied  in  a  soluble  state.  Whether  or  not,  when  thus  liberated,  it 
will  be  carried,  uncontbined^  into  the  roots  of  the  plants  by  the  water 
they  absorb,  will  depend  upon  the  qnantity  of  potash  or  soda  in  the 
compost  or  in  the  soil,  and  upon  other  circumstances  hereafter  to  be 
explained. 

2°.  Silicon  is  known  only  in  the  state  of  a  dark  brown  powder,  which 
has  not  as  yet  been  met  with  in  nature  in  an  elementary  form,  and  is 
prepared  by  the  chemist  with  considerable  difl!iculty.  when  heated  in 
the  air,  or  m  oxygen  |ras,  it  burns,  combines  with  oxygen,  and  is  con- 
verted into  silica.  Silica,  therefore,  in  its  various  forms,  is  a  compound 
of  silicon  with  oxygen.  It  consists  of  48  per  cent,  of  the  former  and  52 
per  cent,  of  the  latter. 

3°.  SilicaUs  of  Potash  and  5o<?a.— When  finely  powdered  quartz, 
flint,  or  sand,  is  mixed  with  from  one-half  to  three  times  its  weight  of 
dry  carbonate  of  potash  or  soda,  and  exposed  to  a  strong  heat  in  a  cnici- 
ble,  it  readily  unites  with  the  potash  or  soda,  and  forms  a  glass.  This 
glass  is  a  sihctUe  or  a  mixture  of  two  or  more  silicates  of  potash  or  8oda« 
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Silica  oomlnnea  wiih  these  aUcalia*  in  yarious  proportioDS.  If  it  be 
melted  with  much  pota«h,  the  glads  obtained  will  be  readily  soluble  in 
water;  if  with  little,  the  silicate  which  is  formed  will  resist  the  action 
of  water  for  any  length  of  time.  Window  and  plate-glass  contain 
much  silicate  of  potash  or  soda.  A  large  quantity  of  alkali  renders 
these  varieties  of  glass  more  fosible  and  more  easily  worked,  but  at  the 
same  time  makes  them  more  susceptible  of  oorrosion  or  tamish  by  the 
action  of  the  air. 

The  insoluble  silicates  of  potash  and  soda  exist  also  in  many  mineral 
snbstances.  In  the  felspar  and  mica,  of  which  granite  in  a  great  mea- 
sure consists,  they  are  present  in  considerable  quantity.  The  former 
(felspar)  contains  one^third  of  its  weight  of  an  insoluble  silicate  of  potash, 
consisting  of  nearly  equal  weights  of  potash  and  silica.  In  the  variety 
called  aUbUe  or  deavelandiU,  silicate  of  soda  alone  is  found,  while  in 
some  other  varieties  a  mixture  of  both  silicates  is  present.  In  mica  from 
12  to  20  per  cent,  of  the  same  silicate  of  potash  occurs,  but  soda  can 
rarely  be  detected  in  this  mineral.  The  trap-rocks  also  (whin,  basalt, 
green-stone),  so  abundant  in  many  parts  of  our  island,  consist  almost 
entirely  vfiUieatea.  Among  these,  however,  the  silicates  of  potash  and 
aoda  rarely  exceed  5  or  6  per  cent,  of  the  whole  weight  of  the  rock,  and 
are  often  entirely  absent. 

These  insoluble  silicates  aho  exist  in  the  stems  and  leaves  of  nearly 
all  plants.  They  are  abundant  in  the  stems  of  the  grasses,  especially 
in  the  straw  of  the  cultivated  grains,  and  form  a  large  proportion  of  the 
ash  which  is  left  when  these  stems  are  bnrged  [p.  178.] 

it  is  important  to  the  agriculturist  to  understand  the  relation  which 
the  carbonic  acid  of  the  atmosphere  bears  to  these  alkaline  silicates  which 
occur  in  the  mineral  and  vegetable  kingdom.  Insoluble  as  they  are  in 
water,  they  are  slowly  decomposed  by  the  united  action  of  the  moisture 
and  carbonic  acid  of  the  air,  the  latter  taking  the  potash  or  soda  from  Uie 
silica,  and  forming  carbonaUM  of  these  bases.  In  consequence  of  this 
decomposition  the  rock  disintegrates  and  crumbles  down,  while  the  so- 
luble carbonate  is  washed  down  by  the  rains  or  mists,  and  is  borne  to 
the  lower  ^unds  to  enrich  the  alluvial  and  other  soils,  or  is  carried  by 
the  rivers  to  the  sea. 

In  some  cases,  as  in  the  sofler  felspar  of  some  of  the  Cornish  granites, 
this  decomposition  is  comparatively  rapid,  in  others,  as  in  the  Dartmoor 
and  many  of  the  Scottish  granites,  it  is  exceedingly  slow,— but  in  all 
cases  the  rock  crumbles  to  powder  long  before  the  whole  of  the  silicates 
^  are  decomposed,  so  that  potash  and  soda  are  always  present  in  greater 
or  less  quantity  in  granitic  soils,  and  will  continue  to  be  separated  from 
the  decaying  fragments  of  rock  for  an  indefinite  period  of  time. 

But  the  silica  of  the  feb^par,  or  mica,  or  zeoliticf  trap,  when  thus  de- 
prived of  the  potash  with  which  it  was  combined,  is  in  that  pecnlia^state, 
in  which,  as  above  described  [p.  206],  it  is  capable  of  being  dissolved 
in  small  quantity  by  pure  water,  and  more  largely  by  a  solution  of 
carbonate  of  potash  or  soda.     Hence  the  same  rains  or  mists  which  dis- 

*  FolMli,  aoda,  and  aminonla are  ealled  attkOtet;  lime  and  magneala are  aikaiUm  earth§, 
Bee  Lecture  III.,  p.  51,  note. 

t  Tbe  tnp-rocks  always  more  or  leaa  abound  In  zeoUHe  minerala,  of  which  there  is  a  great 
VMlety,  and  In  which  nesrlj  aU  the  alkaU  preeent  hi  these  (Uap)  socks  is  contained. 
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soWe  the  alkaline  carboDatet  to  slowly  finmedt  take  up  also  a  portion  of 
the  silica,  and  coo^ey  it  in  a  state  of  solution  to  the  soiJs  or  to  the  riven* 
Thus,  with  the  exception  of  the  dews  and  rains  which  fall  dicectly  fxom 
the  heavens,  few  of  the  supplies  of  water  t»y  which  plants  are  reuesbed 
and  fed,  ever  reach  their  roots  entirely  free  from  silica,  in  a  form  in 
which  it  can  readily  enter  into  thei^r  roots,  and  be  appropriated  to  Uieii 
nourishment. 

In  the  farm -yard  and  the  compost-heap,  where  vegetable  matters  are 
undergoing  decomposition,  the  silicates  they  contain  undergo  similar  de- 
compositions, and,  by  similar  chemical  changes  their  silica  is  rendered 
soluble,  and  thus  fitted,  when  mixed  with  the  soil,  agaui  to  minister  to 
the  wants  and  to  aid  the  growth  of  new  races  of  living  vegetables. 

4^.  SilieaUs  of  Lime^-^X  mixture  of  sand  or  flint  with  quick-lime 
readily  melts  and  forms  a  glassy  silicate  or  a  mixture  of  two  or  more 
silicates  of  lime.  These  silicates  are  also  present  in  large  quantity  in 
window  and  plate*glass,  and  in  some  of  the  crystalline*  (granite  and 
trap)  rocks.  In  felspar  and  mica»  which  abound,  as  we  have  seen,  iu 
the  alkaline  silicates,  it  is  rare  that  any  lime  can  be  detected.  In  that 
variety  of  granite,  however,  to  which  the  name  of  syenite  is  given  by 
mineralogists,  hornblende  takes  the  place  of  mica,  and  some  viu-iedes  of 
this  hornblende  contain  from  20  to  35  per  cent,  of  silicate  of  lime.  Tlda 
silicate  (containing  38  per  cenu  of  lime)  is  almost  always  present  in  the 
basaltic  and  trap-rocks,  and  sometimes,  as  in  the  augiticf  traps,  in  a 
proportion  much  larger  than  that  in  which  it  exists  in  ibe  unmixed  horn- 
nieiide.  To  this  fact  we  shall  have  occasion  to  revert  when  we  coroe 
to  consider  the  relative,  fertility  of  different  soils  and  the  causes  on  which 
the  difference  of  their  several  productive  powers  most  probably  depends* 

Silicates  of  lime  are  also  found  in* the  ash,  and  probably]:  exist  iu  the 
living  stem  and  leaves  of  plants. 

LiKc  the  siniilar  compounds  of  potash  and  soda,  the  silicates  of  lime 
are  slowly  decomposed  by  the  united  agency  of  ilie  moisture  and  the 
carbonic  acid  of  the  atmosphere.  Carbonate  of  lime  is  formed,  awl 
silica  is  set  at  libertv.  This  carbonate  of  lime  dissolves  in  the  rains  or 
dews  which  descend  loaded  with  carbonic  acid,  [see  page  46,]  and  Uie 
same  waters  take  up  also  a  portion  of  the  soluble  silica  and  diffuse  both, 
substances  uniformly  throuah  the  soil  in  which  the  decom position  takes 
place,  or  bear  them  from  tne  higher  grotmds  to.tlie  rivers  and  plains. 
The  sparing  but  constant  and  long-continued  sunfily  of  lime  thus  af- 
forded to  soils  which  rest  upon  decayed  tra|i,  or  which  are  wholly  made 
up  of  rotten  rock,  has  a  material  inflaence  upon  their  well-known  agri- 
cultural capabilities. 

5^.  Silicates  of  Magncsia.'^ln  combination  with  magnesia  in  difler- 
ent  pro[x>rtions,  silica  iiirms  nearly  tlie  entire  mass  of  those  common 
minerarts  known  by  the  names  of  serpentine  and  talc.  In  hornblende 
also  and  augite,  silicates  of  magnesia  exist  in  considerable  quantity. 

*  8o  c«ned  becaiue  the  mineral!  of  which  Chej  cossiat  tan  fenerall/  In  ^ery^taliised  Msia. 

t  Rocks  of  which  the  minerml  oattad  angiu  fbrau  a  more  or  leea  cooeldetmt>le  pan. 

}  I  say  pnbablift  becanee  if  uncombioed  lilka  be  pnaeni  in  hajr  or  atraw  alooK  with  «a^ 
bonate  or  oxalate  of  lime,  the  heat  employed  in  completely  bumiof  awaj  the  ocfanic  matter 
may  be  sofflclent  to  cauae  the  lime  and  eillca  to  unite  and  form  a  dlicete  which  will  alUr^ 
warde  be  iband  in  the  ash,  tboufh  noneprerloaafy  tthtMd  ta  the  atem. 
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TThey  mast,  therefore*  be  present  in  greater  or  lew  quantity  in  aoile 
which  are  directly  formed  from  the  decomposition  of  such  rocks.  Like 
the  siJicaies  of  lime,  however—though  more  slowly  than  ihese^>they 
will  undergo  gradual  decompoaitioo  by  the  action  of  the  carbonic  aciSl 
of  the  atmosphere,. and  of  tbe  acids  produced  in  the  soil  bv  vegetation 
and  by  the  decay  of  organic  matter.  The  magnesiat  like  the  lime,  will 
thus  be  gradually  brought  down,  in  a  state  i^  solution  (p.  200),  from  the 
higher  grounds^  or  washed  out  of  the  soil,  till  at  length  it  may  wholly 
disappear  from  any  given  spot.* 

6^.  Silicates  of  Alumina. — Silica  combines  with  alumina  also  in  vari- 
ous proportions,  forming  »ticates,  which  exist  abundantly  in  nature  in 
the  crystalline  rocks,  and  may  also,  like  the  other  silicates,  be  formed 
by  .art.  Felspar,  mica,  hornblende,  and  the  augiies,  which  abound  in 
the  trap-rocks,  all  contain  much  alumina  in  cooibination  wiih  silica,  and 
we  shall  probably  not  be  very  far  from  the  truth  in  assuming  that  up- 
wards of  one-half  by  weight  of  tbe  trap-rocks  in  general*— aa  well  as  of 
the  hornblendes,  nmcas,  and  felspars,  of  which  so  large  a  part  of  the 
granitic  rocks  is  composed— consists  of  silicates  of  alumina.  The  alu- 
mina itself  in  these  several  minerals  varies  from  11  to  38  per  cent.,  but 
generally  averages  about  20  per  cent,  of  their  entire  weight. 

These  silicates,  when  they  occur  alone,  uomixed  or  uncombined  with 
other  silicates,  decompose  very  slowly  by  the  action  of  the  atmosphere. 
They  disintegrate,  however,  and  fall  to  powder,  when  the  alkaline  sili- 
cates with  which  tbey  are  associated  in  felspar,  &c.,  are  decomposed  and 
lemoved  b^'  atmospheric  causes.  In  this  way  the  deposits  of  porcelain 
clay,  so  common  in  Cornwall  and  in  other  countries,  have  been  pro- 
duced from  the  disintegration  of  the  felspathic  rocks,  and  the  clayey  soils 
which  occur  in  granite  districts  have  not  unfrequently  had  a  similar  origia. 

When  contained  in  tbe  soil,  the  silicates  of  alumina  uixlergo  a  slow 
dec(mipo6i>ion  from  the  action  of  the  various  acid  substances  to  which  they 
are  exposed.  A  portion  of  their  alumina  is  dissolved  and  separated  by 
these  acids,  and  in  this  soluble  state  is  either  conveyed  to  the  roots  d 
plants  or  is  washed  from  the  soil  by  the  rains— or  by  the  waters  that 
arise  firom  beneath. 

Tbe  ash  of  plants  contains  only  a  very  small  proportion  of  alumina, 
yet  even  this  small  quantity  they  cannot  derive  irom  the  silicates  of  this 
•ubstance,  since  these  are  all  insoluble  in  water — as  alumina  itself  is. 
They  obtain  it,  therefore,  from  some  of  those  soluble  compounds  of  alu- 
mina of  which  I  have  spoken  as  being  either  occasionally  present  (pp* 
204-5),  or  as  being  naturally  formed  in  the  soil. 


Oeneral  remarks  on  Oiese  SilkaUs.~^i  all  these  silicates  it  may  be 
remarked  in  general — 

I''.  That  besides  existing  in  the  minerals  above-mentioned,  and  from 
which  tbey  are  conveyed  into  the  soil,  they  are  also  slowly  fonned  in  the 

*  I  am  liMl«Med  to  Sir  Chute*  Lemon  ibr  the  tamlyvto  of  a  soil,  on  put  of  hit  own  proper- 

2,  Teeling  on  aerpentine.  aad  bearinf  ooljr  Erica  vagm»»i  which  lUoacnitaa  the  atateatieiit  la 
M  tezL  TMn  aoil  conaMs  of  atllca  TO,  aJamina  with  a  U«ce  of  maom  90,  oxide  of  Iron  6'2, 
aAd  vagelabto  mailer  8^  per  eent  If  thia  aoU  has  boea  formed  from  Um  rock  on  which  il 
reaM,  the  mafneaia  haa  been  wholW  waabed  out  Ita  conaiitudon,  however,  polMs 
«  decked  fiitapsr  or  able  rock,  aa  the  saitfoe  ftom  whkh  a  has  bean  derived. 
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toil  U$elf^  when  the  ingredients  of  which  they  severally  consist  are  na- 
turally present  ia,  or  are  artificially  added  to,  the  soil.  Hence,  the  ad- 
dition of  potash  or  soda  to  the  land  may  cause  the  production  of  sili- 
cates of  these  alkalies — ^probably  soluble  silicates— which  water  will 
be  capable  of  dissolving;  and  bearing  to  the  extremities  of  the  roots. 
Hencq  also,  to  a  sandy  soil,  the  addition  of  lime  may  give  rise  to  the 
production  of  insoluble  silicates  of  this  earth,— and  the  beneficial  eflect 
of  the  lime  upon  the  land  may  thus  sooner  cease  to  be  observable  than 
in  soils  of  a  difierent  character,  where  it  is  noi  so  liable  to  be  locked  up 
iq  an  insoluble  state  of  combination;  and 

2°.  That  with  the  exception  of  those  of  potash  and  soda,  which  con- 
tain much  alkali,  these  silicates  are  all  insoluble  in  water,  and  thus  not 
directly  available  to  the  notrition  of  plants.  £xcept  those  of  alumina, 
however,  they  are  all  slowly  decomposed  by  atmosplieric  agents,  and 
their  constituent  elements  thus  brought,  to  a  certain  extent,  within  the 
reach  of  plants ;  while,  without  exception,  they  are  all  capable  of  de- 
composition in  the  soil  by  the  agency  of  the  acid  st>bstances,  chiefly  or- 
ganic, which  there  exist,  or  which  are  produced  dunng  the  growth  and 
decay  of  vegetable  substanees.  From  this  latter  source,  the  chief  supply 
of  the  ingredients  contained  in  the  silicates,  is^  in  most  soils,  derived  by 
living  plants. 

To  this  eanse  is  attributed  the  surprising  effect  often  observed  to  fol- 
low from  the  addition  of  vegetable  matter  to  a  sandy  soil  on  which  a 
previous  addition  of  lime  had  ceased  to  produce  any  further  beneficial 
effect.  The  organic  acids  formed  by  the  vegetable  matter  during  its  de- 
cay decompose  the  silicates  of  lime  previously  produced,  and  thus  liber- 
ate the  lime  from  its  insoluble  state  of  combination.  Bot  when  the  sili- 
cates have  been  all  decomposed  by  this  agency,  the  furttier  additibtt  of  ve- 
getable matter  ceases  necessarily  to  produce  the  same  remarkable  efiects. 


XI.— ^HE  OXIDES,  SUKPRimXTSt  STTLPflATES,  AZID  CAEBONATES  OF  IBOIT. 

1®.  Oxides  of  iron.— It  is  well  known  that  when  metallic  iron  is  ex- 
posed to  moist  air,  it  gradually  rusts  and  becomes  covered  with,  or  whol- 
ly changed  into,  a  crumbling  ochrey  mass  of  a  reddish  brown  colour. 
This  powder  is  a  compound  of  iron  and  oxygen  only,  containing  69}  per 
cent,  of  the  former,  and  30}  per  cent,  of  the  latter. 

When  iron  is  heated  in  the  smith's  forge,  and  then  beat  on  the  anvil,  a 
scale  flies  ofl*  which  is  of  a  black  colour,  and  when  crushed  gives  a  black 
powder.  This  also  consists  of  iron  and  oxygen  only,  but  the  proportion 
of  oxygen  is  not  so  great  as  in  the  red  powder  above  described.  In  both 
cases  the  iron  has  derived  its  oxygen  from  the  atmosphere. 

To  these  compounds  of  iron,  with  oxygen,  the  naiue  ot  oxides  is  given. 
There  are  only  two  which  are  of  interest  to  the  agriculturbt,  namely, 

coNaiBTina  of 

Iron.  Oxyfren.  Symbol.  Coloar. 
The  first  oxide*  •  .  77-33  22-77  Fe  Of  Block 
The  second  oxide       .     69-34     30*66     Fe^Oa      Red. 

"  The Jlrtt  to  also  called  the  prof-oxld6|  tb«  ewoiut  eiUier  the  Mfffia,  or  man  wHyHf 
oer  oxide  of  Iron, 
t  Iron  to  repreMoled  b  j  the  tjmbd  Fe,  the  inlttol  letten  of  ito  Letis  naae  (ftonimk 
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Both  of  thesd  ex  st  abandaiitly  in  Dature,  and  are  present  to  a  greater 
or  less  extent  in  all  soils.  The  second  or  jver-oxide,  however,  is  by  far 
the  most  abundant  on  the  earth's  surface,  and  the  reddish  colour  obser- 
vable in  so  many  soils  is  principally  due  to  the  presence  of  this  oxide. 

The  first  oxide  rarely  occurs  in  the.  soil  except  in  a  state  of  combina- 
tion with  some  acid  substance,-Hind  so  strong  is  its  tendency  to  combine 
with  more  oxygen,  that  when  exposed  to  the  air,  even  in  a  stale  of  com- 
bination, it  rapidly  absorbs  this  element  from  the  atmosphere  and 
changes  into  pcnr-oxide.  This  change  is  observable  in  all  chalybeate 
springs,  in  which,  as  they  rise  to  the  surface,  the  iron  is  generally  held 
in  solution  in  the  state  of  the  first  oxide.  After  a  brief  eitposure  to  the 
air,  more  oxygen  is  absorbed,  and  a  reddish  pellicle  is  formed  on  the 
•urface,  which  gradually  falls  and  coato  the  channel  along  which  the 
water  runs,  with  a  reddish  sedimeoC  of  insoluble  per-oxide.- 

Both  oxides  are  insoluble  in  pure  water,  and  both  dissolve  in  water 
containing  acids  in  solution.  The  first  oxide,  however,  dissolves  in 
much  greater  quantity  in  the  same  weight  of  acid,  and  it  is  the  com- 
pounds of  this  oxide  which  are  usually  present  in  the  soil,  and  which,  in 
V  boggy  landSf  prove  so  injurious  to  vegetation.* 

The  second  oxide  possesses  two  properties  which,  in  connection  with 
practical  agriculture*  are  not.voidof  some  decree  of  importance. 

1^.  In  a  soil  which  contains  much  vegetable  matter  in  a  state  of  de- 
cay, the  per-oxide  is  frequently  deprived  of  one-third  of  its  oxygen  by 
the  carbonaceous  matter, f  and  is  thus  converted  into  the  first  oxide 
which  readily  dissolves  in  arfy  of  the  acid  substances  whh  which  it  may 
be  in  oontacu  In  this  state  of  combiDatioo  it  is  more  or  less  soluble  in 
water,  and  in  some  localities  may  be  brought  to  the  roots  of  plants  in 
•Dch  quantity  as  to  prove  injurious  to  their  crowth. 

2^.  The  red  oxide  of  iron  is  said,  like  aTumina  (p.  197),  to  have  the 
property  of  absorbing  ammonia,  and  probably  other  gaseous  substances 
and  vapours,  from  the  atmosphere  and  from  the  soil.  In  that  which 
occurs  in  nature,  either  in  the  soil  or  near  the  surface  of  mineral  veins, 
traces  of  ammonia  can  generally  be  detected.  Since  then  ammonia  is 
so  beneficial-^according  to  some  so  indispepsably  necessary— to  vegeta- 
tion, the  property  which  the  per-oxide  of  iron  possesses  of  retaining  this 
ammonia  when  it  would  otherwise  escape  from  the  soil,  or  of  absorbing 
it  from  the  atmosphere,  and  thus  bringing  it  within  the  reach  of  plants, 
must  also  be  indirectly  favourable  to  vegetation — where  the  soil  contains 
it  in  any  considerable  quantity. 

^n  important  practical  precept  is  also  to  be  drawn  from  these  two  pro- 

penies  of  this  oxide.    A  red  irony  soil,  to  which  manure  is  added, 

should  be  frequently  turned  over,  and  should  be  kept  loose  and  pervious 

:       to  the  air,^in  order  that  the  formation  of  prot-oxide  (first  oxide)  may  be 


'  *•  That  layer  of  aoil  (aajt  Sprenge]),  la  alwajaospeelallj  rich  lo  iron,  over  which  Uie  heel 
tttm  pleach  flidea  in  preparinf  the  und.    The  friction  nf  the  aoU  continually  mtw  off  oar* 
lielea  of  iron,  which  abaorb  oxynn  and  change  Into  the  fint  oxide.    Hence  thie  part  < 


lietea  of  ift»n«  which  abaorb  oxy gaa  and  change  into  the  fint  oxide.  Hence  thie  part  of  the 
•nil  i«  alwaya  darker  In  colour  than  the  ceat ;  hence  alao  the  reason  why  the  aoU  after  deey 
plooghbif,  remalna  unprodoctive  aometlmea  for  seTenJ  yeara." — Chemie^  I.,  p.  428.    Whiia 

we  Mlmit  that  Uie  preaence  of  the  flrat  oxide  of  Ir*  '-  "^ '^""  -*•-*-  '--  '—»•■■ • — 

braqght  to  the  aur&ee,  we  may  doobt  whether  i 
firam  Um  tear  and  wear  of  the  ploogh. 


we  Mlmit  that  Uie  preaence  of  the  flrat  oxide  of  iron  In  the  anbaoil  nttecia  iia  fertility,  when 
*    '       •     •    ■  mueh  of  that  iron  can  have  been  derived 


t  The  cartmn  of  Uie  vegetable  matter  combines  with  the  oxygen  of  the  oxida  lo  fovrn  eor^ 
•    -*     p.a9. 
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prevented  as  much  as  poetible ;  ftod  it  may  oceaeiooally  be  Bummer- 
fidlowed  -with  advantage,  in  order  aleo  that  the  per-oxide  may  abaoib 
from  the  air  those  volatile  subetancee  which  are  likely  to  prove  b«iefi- 
cial  to  the  growth  of  the  future  ctope. 

2°.  Sulphur^  o/*  Iron.— >lroiroccur8  in  nature  combined  with  solpbor 
in  two  proportions,  forming  a  sulpburet  and  a  H-sulphuret.  TneBe 
consiet  respectively— 

The  sulphuret  .    .    •    62-77        37-23'      F^eS 
The  bi-sulpburet  of    •    45-74        64*26        Fe  S, 
and  are  both  tasteleas  and  insoiuble  in  water. 

1°.  The  first  of  these,  the  sulphuret  (Fa  S),  occurs  occasionally  in 
^ggy  ^^^  marshy  soils,  in  which  salts  of  iron  enst,  or  into  which  they 
are  carried  by  rains  or  springs.  It  is  not  itself  directly  iniurioos  to  vege- 
tation, bat  when  exposed  to  the  air  it  absorbs  os^gen  and  forms  ndfMe 
of  iron,  which,  when  present  in  soffident  quanii^,  is  eminently  so.* 

2^.  The  bi-^ulphureU  or  comidon  iron  pyrites  (Fe  Si),  is  exceedingly 
abundant  in  nature.  It  occurs  in  nearly  all  rocky  formations— and  in 
most  soils.  It  abounds  in  ooal,  and  is  the  source  of  the  sulphurous  smell 
which  many  varieties  emit  while  burning.  It  generally  presents  itself 
in  masses  of  a  yellow  colour  and  metallic  luatie,  more  or  less  perfectly 
crystallized  in  cubical  forms,  so  briHie  and  bard  as  to  strike  fire  witn 
steel,  and  of  a  specific  gravity  four  and  a  half  times  greater  than  that  of 
water  (Sp.  gr.  4,  5).  When  heated  in  ctlke  vessels  it  pans  with  nearly 
one-half  of  its  sulphur,  and  hence  is  often  distilled  for  the  sulphur  it 
yields. 

In  the  air  it  absorbs  oxygen,  in  some  cases  oo  in  the  waste  coal 
heaps— with  such  rapidity  as  to  heat«  take  firs,  and  bum.  By  this  ab- 
sorption of  oxygen  (oxidation),  sulphuric  acid  and  sulphate  of  iron  are 
produced.  In  the  alum  shales  the  iron  pyrites  abounds,  and  these  are 
often  burned  for  the  purpose  of  converting  the  sulphur  and  sulphuiie 
acid  for  the  subsequent  manufacture  of  alum. 

3°.  StUphaUs  of  lran.-'''0£  the  sulphates  of  iron  which  are  knowo« 
there  is  only  one— the  common  green  vttru4  of  the  shops— that  occurs  in 
the  soil  in  any  considerabie  quantity.  There  are  few  soils,  perhaps,  in 
which  its  presence  may  not  be  detected,  though  it  is  in  bogs  and  marshy 
places  that  it  is  most  generally  and  most  abundantly  met  with.  It  is 
often  exceedingly  injurious  .to  vegetation  in  such  localities,  but  it  is  ds^ 
composed  by  quick-lime,  by  chalk*  and  by  all  varieties  of  mari«  and 
thus  its  noxious  efiects  may  m  general  be  eatirely  prevented.  To  soils 
which  abound  in  lime,  it  may  even  be  applied  with  a  beneficial  eSecu 

When  a  solution  of  this  salt  is  exposed  to  the  air  it  speedily  becomes 
covered  with  a  pellicle  of  a  yellow  ochrey  colour,  which  afterwards  falls 
as  a  yellow  sediment.  This  sediment  consists  of  jTer-oxide  of  iron,  con- 
taining a  little  sulphuric  acid ;  but  by  the  separation  of  this  oxide  the 
sulphuric  acid  is  left  in  excess  in  the  solution,  which  becomes  sour,  and 

*  Tet  in  muD  qoutily  it  may  bs  banefloisL  That  Bprengel  meoUoM  that  11m  wiaSbtM  of 
a  moor  near  HanoTer,  which  cootSina  aome  of  this  aalpbimt  of  icon,  ptodmout  aakwlahk^ 
effeds  when  laid  as  a  top-dreasUif  on  th«  graaa  laoda.  The  explaoalloB  of  Uik  ia,  thai  dM 
prrliea  «baori>  ozygaa  and  la  oonTarted  Into  ■olphate,  and  thus  re-produoaa  tha  ramikricahlr 
aflbeta  obaarvad  on  tha  addUkwof  gypsiUB,of  ■nlphnrfo  add,  or  oraulpbato  of  aodi,  to  ai»i 
largiaailaiida 
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fldil  more  iq)Qrioiw  to  vegMatiiKi  than  belbre.  In  bogg:y  places  the 
waters  impregDated  with  iroD  are  general! v  more  or  less  io  thin  acid 
state,  and  limev  chalk,  and  ouurl,  with  perfect  drainage,  are  the  only 
available  means  by  which  such  lands  can  be  sweeten«i  and  rendered 
fertile. 

When  iron  pyrites  is  exposed  to  the  air  italowlv  absorbs  oxygen,  and  is 
convened  into  ndphaU  of  iron  and  sulphuric  acid  ;  on  the  other  hand,  the 
sour  solution  above  mentioned,  when  placed  in  contact  with  vegetable 
nuitter,  where  the  air  is  excloded,  partsuwith  its  oxygen  to  the  decaying 
carbonaceous  matter,  and  is  again  converted  into  iron  pyrites.  Tfaese 
two  opposite  processes  are  both  continually  in  progress  in  nature,  and 
often  in  the  same  locality,— the  one  on  the  surface,  where  air  Is  present ; 
the  other  in  the  subsml,  where  the  air  is  excluded. 

4^.  .Carbonates  ^/ron.*— When  a  solution  of  the  sulphate  of  iron, 
above  described,  is  mixed  with  one  of  carbonate  of  soda,  a  yellow  powder 
falls,  which  is  carbonaU  qfirtm.  This  carbonate  is  found  abundantly  in 
nature.  It  is  the  state  in  which  the  iron  exists  in  the  ore  (clay-iroo  ore,) 
from  which  this  metal  is  so  largely  extracted  in  our  iron  furnaces,  and 
in  the  similar  ore  oflen  found  in  the  subsoil  of  boggy  places,  which  is 
distinguished  by  the  name  of  bog-iron  ore. 

bike  the  eaivonate  of  lime,  it  is  insoluble  in  water,  but  dissolves  with 
eoasiderable  readiness,  in  water  charged  with  carbonic  &cid.  In  this 
state  of  solution  it  issues  from  the  earth  in  most  of  our  chalybeate  springs, 
and  it  is  owing  to  the  escape  of  the  excess  of  carbonic  acid  from  the 
water,  when  it  reaches  the  open  air,  that  the  yellow  deposit  of  carbonate 
of  iron  more  or  less  speedily  falls. 

The  carbonate  of  iron,  being  insoluble  in  wate^r,  cannot  be  directly  io- 
jorious  to  vegetation.  When  exposed  to  the  air  it  ^adually  parts  with 
its  carbonic  acid,  and  is  converted  into  per-oxide  of  iron. 

The  ash  of  nearly  all  plants  contains  a  more  or  less  appreciable  quan- 
tity of  onde  of  iron.  This  may  have  entered  into  the  roots  either  in  the 
state  of  soluble  sulphate  or  of  carbonate  dissolved  in  carbonic  acid,  or  of 
some  other  of  those  numerous  soluble  compounds  of  iron  with  crganie 
aeida,  which  may  be  expected  to  be  occasionally  present  in  the  soil. 

xu^— MA2veAzix8£ :  oxinss,  cbix>bidk8«  caebonatss,  and  sulphatks 

OF  MAKSAKESX* 


1**.  Manganese  is  a  metal  which,  in  patore,  is  very  frequently  l  _ 
dated  with  iron  in  its  various  ores.  It  also  resembles  this  metal  in 
many  of  its  properties.  In  the  metallic  state,  however,  it  is  not  an.  ob- 
ject of  manufacture,  nor  is  it  used  for  any  purpose  in  the  arts. 

S9*  Oxides  of  Jlfa^aiie«e.---Maqganese  combines  with  oxyeen  in' 
several  proportions.  The  first  oxide  is  of  slight  green  colour,  Uie  se- 
eood  and  third  are  black.  The  first  is  not  known  to  occur  ia  nature  in 
an  unoombined  state,  the  two  others  exist  abundantly  in  the  common 
otaa  of  nnanganese,  and  are  extensively  diflfused,  though  in  small  quan- 
tity, through  nearly  all  soils.  They'  are  ail  insoluble  in  water,  hot  the 
two  former  dissolve  in  acids  and  forni  saiJU.  Traces  of  these  \wo  oxides 
are  also  to  be  detected  in  the  ash  of  nearly  all  plants. 

V^.  Chloride^  Carbonate,  and  SvigkaU  of  Mangmue^U  any  of 
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these  oxidee  be  dissolved  in  mariatic  acid  a  salation  of  chloride  of  mad« 
ganese  will  be  obtained. 

If  this  solution  of  chloride  of  tnanganese  be  mixed  with  one  of  car- 
bonate of  soda,  a  v^hite  insoluble  ^pomier  will  fall,  which  is  carbonate  o£ 
inaganese. 

If  this  carbonate  be  dissolved  in  diluted  sulphuric  acid,  or  if  any  of 
the  oxides  be  digested  in  this  acid,  a  solution  of  stUpkate  of  manganese 
will  be  fbruied« 

The  carbonate  of  manganese,  and  its  oxides,  will  also  dissolve,  though 
more  slowly,  in  acetic  acid  (vinegar),  and  in  other  organic  acids  which 
may  be  present  in  the  soil,  and  will  form  vrith  them  other  soluble 
sahs. 

The  compounds  of  manganese  exist  in  plants  in  much  less  quantity 
Uian  those  of  iron;  but  as  its  oxides,  like  those  of  iron,  are  insoluble  in 
pure  water,  this  metal  most  likely  finds  its  way  into  the  state  of  oue 
or  other  of  the  soluble  compounds  above  described* 

§  2.  Tabular  view  of  the  constitution  of  the  compounds  of  the  inorgofdc 
elements  above  described. 

Having  in  the  preceding  section  briefly  described  the  several  com  pounds 
of  the  inorganic  eUmerUs  qfplaniSf  which  either  enter  into  the  oonstitution 
of  vegetable  substances,  ur  are  supposed  to  minister  to  their  growth— it 
may  prove  useful  hereafter,  if  I  exhibit  at  one  view  the  composition  per 
cent,  of  the  various  oxides,  chlorides,  sulphurets,  and  oxygen-acid  saits«* 
to  which  I  have  had  occasion  to  direct  your  attention. 

We  shall  have  occasion  to  refer  to  the  numbers  in  the  following  lahlea 
in  our  subsequent  calculations. 

l°.^»Oxygenper  Cent,  in  the  oxides  of  the  inorganic  elements. 


OxycoQ 

per  cent 
Sulphurous  Acid  .  «  .  49*85 
Sulphuric  Acid  .  .  .  59*86 
Phosphoric  Acid   .     .     .    56-04 

Potash 16-95 

Soda 25-58 

Lime 28-09 

Magnesia 38*71 


perceol. 

Alumina 46*70 

Silica 51*96 

Prot-oxide  of  Iron       .     .  22*77 

Per-oxide  of  Iron  .     .     .  30*66 

Prot-oxide  of  Manganese  22-43 

Sesqui-oxide        do.  .     .  30*25 

Per-oxide  do.  .     .  36-64 


2°.— >CSUartn€  or  Sulphur  per  cent  in  the  chlorides  and  sulphurets. 


Chloride  of  Potassium 
-^—  Sodium 

Calcium     . 

— — -  Magnesium 
First  Chloride  of  Iron 
Second    do.        do. 


Chlorioe 
per  cent 
47-47 
60*34 
63*38 
73*65 
56*62 
66*19 


Sulphuret  of  Potassium 

Sodium    .    . 

Calcium  .    . 

Iron 


Bi-Sulphuret  of  Iron, 
(Iron  Pyrites)    . 


BaUfhvr 
per  cent. 
29*11 
40*88 
4400 
37*23 

i7-0a 


*  flo  caltod  bMMM  dw  mM  th^  eoniif  n  hM  ««sirm  Ibr  one  of  tta  cooMiciisitt 
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3*^. — Composition  per  cent,  of  ike  Saline  eomhinaUons  above  described. 


Carbonate  of  Potash 
Bi-carbooate  «f    do. 


Sulphate  of   ^ 

do. 

Niuate  of 

do. 

Binoxalaleof 

do. 

Biiartrate  of 

do. 

Phosphate  of 

do. 

(Saltoftorrel) 
(Cream  of  tartar) 


Bi-pho9phate  of  do.  •        • 

Carbonate  of  Soda  (dry)    . 

(crystallized) 


Bi-carbonate  of  Soda 
Nitrate  of  do. 

Sulphate  of        do. 

do. 

Phosphate  of      do. 
Bl-pbosphate  of  do. 


(dry) 
(crystallized) 


Carbonate  of  Lime    . 
Sulphate  of    do.     (Gypsum) 
(burned) 


Nitrate  of  Lime 
Phosphate  of  Lime  (Apatite)     • 
Bi-phosphate  of  Lime 
Earth  of  Booes 

Carbonate  of  Magnesia 
Bi-carbonate  of    do.  .        . 

Sulphate  of         do.  (Epsom  salts) 
Nitrate  of  do. 

Phosphate  of       do. 

Sulphate  of  Alumina 
Phosphate  of    do. 

Silicate  of  Potash  (soluble) 

Bi-silicate  of  do.  (do.) 

Silicate  of  Soda  (do.)  • 

Bi-silicate  of  do.  (do.) 

Silicate  of  Lime  .        .        . 

Magnesia  . 

Alumina  . 


Carbonate  of  Iron 

Sulphate  of   do.  (crystallized) 

Carbonate  of  Manganese  . 
Sulphate  of       do.         (crystalliaed) 


Aeid.      Bm6.     Wftter. 


31-91 
48*36 
45-93 
53-44 
52-64 
70-28 
4306 
60-20 

41-42 
15-43 
58-68 
63-40 
56-18 
24-85 
53*30 
69-54 

43-71 
4G-31 
58-47 
65-54 
46-52 
71-48 
48-45 

51-69 
68-15 
32-40 
72-38 
63-33 

7007 
67-57 

49-46 
66-19 
59-63 
74-71 
61-85 
69-08 
72-95 

38-63 
31-03 

38-27 
33-20 


68-09 
51-62 
54-07 
46-56 
34-29 
24-96 
56-94 
39-80 

58-58 
21-81 
41-42' 
36  60 
43-82 
19-38 
46-70 
30-46 

56-29 
32-90 
41-53 
34-46 
54-48 
28-52 
51-55 

48-31 
31-85 
16-70 
27-62 
36-67 

29-93 
32-43 

50-54 
33-81 
40-37 
25-29 
3815 
30-92 
27-05 

61-37 
27-19 

61-73 
29-54 


13-07 
4-76 


62-76 


55-77 


20-79 


50-90 


41-76 


37-26 
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§  3.  On  (^  relative  proportiom  ofCu  different  inarganie  compoundi 
*  present  in  the  iuhoj plants. 

Having  thiu  made  yoa  acquainted  with  the  genera]  piopertiee  and 
composition  of  the  several  compound  substances  of  which  the  ash  of 
planu  consists,  we  now  advance  to  the  consideration  of  the  relative  frch 
portions  in  which  these  substances  exist  in  the  ash  of  the  difierent  lunds 
of  plants  usually  cultivated  for  food. 

We  have  seen  (p.  178)  that  difierent  npeeies  of  plants  leave  very  dif- 
ferent quantities  of  ash  when  burned; — the  ash  left  by  diflfonnt  species 
contains  also  the  above  earthy  and  ssJine  substances  in  very  onlike  pro- 
portions. This  fact  has  already  been  stated  generally  (p.  180) ;  we  are 
now  to  illustrate  it  more  fully,  and  to  show  the  important  pracdcal  de- 
ductions to  which  it  leads. 

1.— H)P  THE  ASH  OF  WHEAT. 

According  to  the  analysis  of  Spredgel,  1000  lbs.  of  wheat  leave  11*77 

lbs.,  and  of  wheat  straw  35*18  lbs.  of  ash,  consisting  oP* 

Gnln  of  Binw  of 

Wb6«L  WheftL 

Potash 2*25  lbs.      0*20  lbs. 

Soda 2-40  0-29 

Lime 0*96  2*40 

Magnesia 0*90  0*32 

Alumina,  with  a  trace  of  Iron  0*26  0*90 

Silica 4*00  28*70 

Sulphuric  Acid     ....  0-50  0*37 

Phosphoric  Acid    ....  0*40  1*70 

Chlorine  . 0*10  0*30 

11*77  lbs.    36*18  lbs. 
If  the  produce  of  a  field  be  at  the  rate  per  acre  of  25  bushels  of 
wheat,  each  60  lbs,,  and  if  the*straw*  be  equal  to  twice  the  weight  of 
the  grain,  the  quantity  of  each  reaped  per  acre  will  be 

sSw!  :  :  S  lS:^f'om«P«>a«ceof25b»Ael.; 

SO  that  the  quantity  of  the  difierent  inorganic  compounds  carried  off  from 
the  soil  ofeadi  acre  will  be,  in  the  grain  i  more  than  is  repraaeoted  in 
the  second  column,  and  in  the  straw  3  times  as  much  as  is  lepreiemed 
in  the  third  column. 

II.— OP  THE  ASH  OP  BARLET* 

A  thousand  pounds  of  the  grain  of  barley  (two-rowed,  hordeum  disU^ 
€hon,)  leave  23t  lbs.,  and  of  the  ripe  dry  straw  52*42  lbs.  of  ash.  This  aah 
consists  of— 

*  The|iit>por1looofU)6itnwto  tt>«W6d  infltidnoran  klodtisTM^Tail^  lawtkMt 
tt  to  mid  bo  avengtt  twice  th«  mvitid  of  Um  snio,  bitt  tt  to  vary  oA«n,«Y«ii  in  heavy  cmm, 
StotXllB«ttlSlif«ifla.  '     -r-% 
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ChsliL  8tnw. 

Potash 2-78  IbB.  1-80  lbs. 

Soda 2-90  0-48 

Lime 1*06  5*64 

Magnesia 1-80  0*76 

Alumina 0-25  1*46 

Oxide  of  Iron .    •    •    •  a  trace.  0*14 

Oxide  of  Manganese    .     —  0*20 

,      Silica 11-82  38*66 

Sulphuric  Add  .     .     .     0*59  1*18 

Phosphoric  Acid      .     .    2*10  1*60 

Chlorine 0*19  0*70 

23-49  lbs.      52-42  lbs. 
If  the  produce  of  a  crop  of  barley  amount  to  SSboshelsof  63lbs.  each 
per  acre,  and  the  straw  exceed  the  grain  in  weight  one-sixth,  the  weight 
of  each  reaped  per  acre  will  be  about 

and  the  inorganic  matters  carried  off  from  the  soil  by  each  will  be  ob- 
taiaed  by  multiplying  those  contained  in  the  second  colnmn  (above)  by 
2,  and  in  the  third  by  2\. 

III.^r  THE  ASH  OP  OATS. 

In  1000  lbs.  of  the  grain  of  the  oat  are  contamed  about  26  lbs.,  and  of 
the  dry  straw  about  57}  lbs.  of  inorganic  matter,  consisting  of— 

Grain.  Btmw. 

Potash 1-56  lbs.        8*70  lbs. 

Soda 1-32  t)02 

Lime 0-86  1-52 

Magnesia 0*67  0-22 

Alumina 0*14  0*06 

Oxide  of  Iron.     .     .     .     0-40  0*02 

Oxide  of  Manganese    .    0-00  0-02 

Silica 19-76  45-88 

Sulphuric  Acid   .     .    .    0  35  0-79 

Phosphoric  Acid.     .     •    0-70  0*12 

Chlorine 0-10  0*05 

25*80  lbs.     57*40  lbs. 
If  an  acre  of  land  yield  50  bnshels,  each  54  lbs.,  of  oatt,  and  two-thirds* 
more  in  weight  of  straw,  there  will  be  reaped  per  acre, 

w  C  ^  IS::  \  '■""° « p«^»"  "^^  ^""^-^ 

and  the  weight  of  the  inorganic  matters  carried  off  will  be  eqoal  to  2} 
times  the  quantities  contained  in  the  second  column,  and  3}  times  those 
contained  in  the  third  column. 

*  or  an  kind*  of  gXBiii,  the  o«t  Kfres  th«  most  variable  proportion  of  atnw,  that  which  is 
•biBlned  BioM  time,  and  in  one  h>ealit7,  being  two  or  three  Umee  (renter  than  dMt  reaped 

10 
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lY.— OF  THE  ASU  OF  RTE. 

The  weight  of  ash  contained  in  1000  Ihs.  of  the  grain  of  rye  ia  lOi  Iba^ 
and  of  the  straw  28  Lbs.    This  ash  consists,  of 

GniiL  flmw. 

Potash  I  C.QO  IK-  5  ®'32  lbs. 

Soda    J ^^^^^'  }0-ll 

Lime 1-22  1-78 

Magnesia 1*78  0*12 

Alumina    .....    0-24 )  ^.ac 

Oxide  of  Iron.     .     .     .     0-42  J  ^^ 

Oxide  of  Manganese    .0*34  — 

Silica 1-64  22*97 

Sulphuric  Acid   .  ^  .     .    0*23  1-70 

Phosphoric  Acid   "  •     .    0-46  0*51 

Chlorine 0-09  0-17 


10*40  lbs.      27*93  lbs. 
Rye  is  remarkable  for  the  qaantity  of  straw  it  yields,  which  is  often 
fifom  3  to  4  times  the  weight  of  the  grain.    The  return  in  grain  reaches 
about  the  same  average  as  that  of  wheat.    From  an  acre  of  land  yield- 
ing a  crop  of  25  bushels,  each  54  lbs.,  there  would  be  reaped 

Of  erain  1350  lbs.;  of  straw  4000  lbs. ; 
the  whole  weight  of  inorganic  matters  contained  in  which  is  eqaal  to  \ 
more  than  is  represented  in  the  second  column,  added  to  4  times  the  weights 
contained  in  the  third  column. 

v.— OF  T^E  ASH  OF  BBAIfS,  PEAS,  AND  TETCBES. 

The  ash  of  the  seed  and  straw  of  the  field  bean,  the  field  pea,  and  the 
common  vetch  (vida  sativa,)  dried  in  the  air,  contains  in  1000  lbs.  the 
aeveral  inorganic  compounds  in  the  following  proportions : 

PISLD  BBAN.  FIBLB  PIJL  OiMOiOV  VBTOK. 


Seed. 

Straw. 

Seed. 

Straw. 

SMd. 

Straw. 

Potash    .... 

4-15 

16-56 

8*10 

2*35 

8-97 

18*10 

Soda 

8-16 

0-50 

7-39 

-» 

6*22 

0*52 

Lime      •    •     .     • 

1-65 

6-24 

0*58 

27-30 

1-60 

19-56 

Magnesia     .    •    . 

1*58 

2-09 

1*36 

3-42 

1*42 

3*24 

Alumina      .     .    . 

0*34 

0*10 

0-20 

0*60 

0*22 

0*15 

Oxide  of  lion    .     . 

^ 

0*07 

0*10 

0-20 

0-09 

0*09 

Oxide  of  Manganese 

1  — . 

0-05 

-. 

0*07 

0-05 

0-08 

SUica      .     •    .     . 

1*26 

2*20 

4*10 

9-96 

200 

4*42 

Sulphuric  Acid      . 

0-89 

0-34 

0-53 

3*37 

0*50 

1-22 

Phosphoric  Acid    . 

2-92 

2*26 

1*90 

2*40* 

1*40 

2-80 

Chloriae      .    .    . 

0*41 

0-80 

0-38 

0-04 

0-43 

0-84 

21-36     31-21     24-64     49-71     22-90     51-01 
On  comparing  the  numbers  in  these  columns,  we  cannot  fail  to  remark.--— 
1°.  How  much  potash  there  is  in  the  straw  of  the  bean  and  the  vetch- 
2^.  That  while  there  is  only  a  trace  of  soda  in  any  of  the  three  straws* 
there  is  a  considerable  quantity  in  all  the  seeds. 
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3^.  How  large  a  proportkni  of  lime  exuts  in  the  #frato  of  the  pea  and 
nf  the  vetch— coai|iared  wkh  thai  of  the  bean— and  how  much  larger  the ' 
pioportioa  ie  io  all  the  straws  than  in  any  of  the  graine*— and 

4^.  That  the  quantity  of  silica  in  pea  straw  is  douUe  of  what  is  con- 
tained in  the  straw  of  the  velehi  and  4  times  that  of  the  bean  strew. 

The  produce  of  straw  from  these  three  Tartetieeof  patse  is  ^ery  bnlky, 
bat  varies  in  weight  from  1  to  1}  toiis*-or  iaoo  an  average  about  8900 
Ibi*  per  acta.    The  produce  of  grain  is  still  more  variable. 

The  bean  gives  from  16  to  4f>  bnshelsi  of  aboat  63  lbs* 

The  pea        .        .1310  84        ^  ^      64  lbs. 

The  vetch     .        .    16  to  40        »  «*      66  lbs. 

The  mean  return  from  beans  is  estimated  by  Schwerts  [AnleiiuHg 

ZiimPrakUs(Aen  Afikerbau,  XL,  p.  346,]  at  25  bushels  (1600  lbs.),  from 

Gas  at  15  bushels  (1000  lbs.),  and  from  vetches  at  17  bushels  (1100 
ij  per  acre. 

The  quantity  of  the  several  inor^^nic  matters,  therefore,  carried  off 
fiom  an  acre  io  the  straw  of  these  crops,  wiil  be  about  2^  times  the 
weights  given  in  the  table—and  in  the  grains,  where  the  crop  is  near 
the  above  average,  1}  times  the  weights  in  the  tables  for  beans  and  for 
peas,  and  for  vetches  very  nearly  the  actual  weights  above  given. 

vi.*-or  THS  ASH  or  THE  Tuainp,  caaaoT,  parsnip,  and  potato. 

These  four  mofs,  as  they  are  carried  from  the  field,  contain  respective 
ly  in  ten  thousand  pounds— 

TVSNIP.         OABROT.     tAUHtf.  ffOTAfO. 

/ ^ ^ 

Potasn  •  b  . 
Soda  •  •  •  • 
Liime'   .... 

Magnesia  •  .  . 
Alumina  .  .  . 
Ocide  of  Iron .  . 
Oftide  of  Manganese 
Silica  .... 
SatphnricAcid  . 
Phosphoric  Acid  • 
CUiirina    .    •    • 


These  roots,  as  already  stated  (note,  p.  178),  contain  very  much  water, 
so  that,  in  a  dry  state,  the /ropor^ton  of  inorganic  matter  present  in  them 
is  very  much  greater  than  is  represented  by  the  above  numbers.  I 
fa^ve,  however,  given  the  quantities  contained  in  the  crop  as  it  is  carried 
from  the  field,  as  alone  likely  to  be  of  practical  utility. 

The  crops  of  these  several  roots  vary  very  much  in  difierent  localities, 
being  in  some  places  twice  and  even  thrice  as  much  as  in  others— every 
nine  tons,  however,  which  are  carried  oflf  the  mund,  contain  about 
twieo  d)e  w^ght  of  saline  and  earthy  matters  indicated  by  the  numberi 
ID  the  table. 


Roofs. 

LeafM. 

Roots. 

Topi. 

23-86 

33-3 

35-33 

90-70 

40-98 

81-9 

10-48 

29-9 

9-99 

7-09 

93-84 

0-9 

7-69 

690 

6-67 

4-66 

3^1 

129-7 

2-64 

6-9 

3-84 

9-70 

3-94 

170 

0-36 

0-3 

0-39 

0*94 

0-60 

0-4 

0-3{> 

1-7 

0-33 

006 

0-32 

0-9 

MM 

... 

0*60 

_ 

.1. 

'mmm 

3-88 

19-8 

1-37 

1-69 

0-84 

49-4 

8-01 

95*9 

9-70 

1-99 

6-40 

4-9 

3-67 

^9-8 

614 

1-00 

401 

19-7 

9*39 

Vr 

0-70 

1-78 

1-60 

6-0 

6303  180*9 

6619 

41-80 

89-83  308-4 

9SK> 
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The  Ibllowiog  table  might  faaTe  been  mnch  enlarged.  I  fasve 
thought  it  neceasaiy,  however,  to  introduce  in  this  place  only  tboee 
epeciet  of  grass  and  clover  which  axe  in  most  extensive  nee.  I  have 
also  calculated  the  weights  given  below,  for  these  plants  in  the  titaUcf 
hay  onfy,  as  the  succulency  of  the  grasses,^that  is,  the  quantity  of  wa- 
ter cootaUied  in  the  green  ciop,«-varies  so  much  that  no  correct  eaci* 
mate  could  be  made  of  the  quantity  of  inorganic  matter  present  is  hay 
or  grass,  from  a  knowledge  of  its  weight  in  the  green  stale  only : 

Red 

Clover. 
19-9.5 

529 
27-80 

3-33 


Potash    . 

Soda.    . 

Lime 

jHagdesia 

Alumina 

Oxide  of  Iron    .     . 

Oxide  of  Manganese 

Silica      .... 

Sulphuric  acid  .     . 

Phosphoric  add    . 

Chlorine.    .    .    . 


Rye 
Hay. 

8-81 
3*94 
7-34 
0-90 
0-31 


0-14 


White 

Clover. 

Laeema. 

flMnfbta 

3105 

13-40 

20-67 

5-79 

6-16 

4-37 

23-48 

48-31 

21-95 

305 

3-48 

2-88 

1-90 

0-30 

0-66 

0-63 

0-30 

— 

27-72 

3-61 

1473 

3-30 

6-00 

3-53 

4-47 

3-63 

4-04 

3-41 

0-25 

6-67 

605 

13-07 

916 

0-06 

3*62 

211 

3-18 

1-571 

62-66       74*78       91*32       96-63       69^7 


The  above  quantities  are  contained  in  a  thousand  pounds  of  the  dry 
hay  of  each  plant. 

On  comparing  the  numbers  opposite  to  potash*  lime,  ma^^nesia,  alu- 
mina, silica,  and  phosphoric  acid,  we  see  veiy  striking  differences  in 
the  quantities  of  these  substances  contained  in  equal  weights  of  the 
above  different  kinds  of  hay.  These  differences  lead  to  very  important 
practical  inferences  in  reference,— 

1^.  To  the  kind  of  soil  in  which  each  will  grow  most  luxuriantly. 

2^.  To  the  artificial  means  by  which  the  growth  of  eaeh  ma^  be  pio* 
moted— dn  so  far  as  this  growth  depends  upon  the  supply  of  loorgame 
food  to  the  giowtag  plant. 

3^.  To  the  feeding  properties  of  each,  and  to  the  kmdoi  aloek  they 
are  severally  most  fitted  to  nourish. 

To  these  and  other  important  practical  deductions  suggestod  by  the 
above  tabulated  analyses  as  well  as  by  those  previously  given*-of  the 
inorganic  ntatten  contained  in  the  several  varieties  of  vegetable  prodoc* 
tions  usually  raised  for  food,  we  shall  hereafter  have  frequent  occasioa 
to  revert.  In  the  mean  time,  a  preliminary  inquiry  demands  our  at- 
tention, which  we  shall  proceed  to  consider  in  the  following  section. 

§4.  TV  tohal  extent  do  ike  crops  moet  ueuaUy  euUivaUd,  eshaiut  the  $oU 
of  inorganic  vegeiahUfood? 

A  bare  inspectbn  of  the  tabular  results  exhibited  in  the  precediQg 
section  gives  but  a  faint  idea  of  the  extent  to  which  the  inorganic  ele« 
mentary  bodies  are  necessarily  withdrawn  fiom  the  soil  in  the  ontinaiy 
oourM  of  cropping. 


\. 
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I.  Let  us  consider  the  effect  upon  the  soil  of  a  still  too  common  three 
jean'  coone  of  ciDpping--^aoto,  teheat^  oaU**  If  the  piodoce  of  such 
aeooxse  bo  25  bushels  S[  wheat  and  60  bushels  of  oats*  there  would  bo 
carried  ifom  the  soil  every  three  years  in  poanda— 


OnkL 

fltfttW. 

3'76 

32-7 

40-36 

3-3 

^m 

7-7 

«-6 

5-7 

16-9 

1-7 

0-8 

5-0 

1-0 

«« 

1-0 

500 

1720 

3140 

0-9 

3-0 

5-65 

1-43 

0-6 

7-53 

Ontn.  Binw. 

Potash     .    •    •    .  3*3        0*6 

Soda 3-5        0*9 

Lime 1*5        7*2 

Ma^esia .    •    •    •  1-5  ^  I'O 

Oxide  of  Iron     •    .  — .  "*  — 

Silica 6-0  86-0 

Sulphuric  Acid .    •  0*75      1*0 

Phosphoric  Acid    •  0*6       6*0 

398-13 
The  gross  weight  carried  off  in  these  crops  is  large  ■  amounting  to 
about  400  lbs.    It  will  vary,  however,  with  the  kind  of  wheat  and  oats 
which  are  grown,  and  may  often  be  greater  than  this.— [See  the  follow- 
ing section  (§  5)  of  the  present  Lectun.]     The  createst  portioD  of  the 
matter  carried  off,  however— opwaida  or  three*fourths  of  the  whol»— 
coDsisu  of  silica ;  the  rest  of  the  materials  are  equal  to 
6Q  lbs.  of  dry  pearl-ash, 
36  lbs.  of  the  commoo  soda  of  the  shops, 
28  lbs.  of  bone-dust, 
12  lbs.  of  gypsum, 
5  lbs.  of  quick-lime, 

5  lbs.  of  magnesia,— <ir  (or  the  last  three  may  be  snbsti- 
tnted  33  lbs.  of  common  Epsom  salts  and  17  lbs.  of  quick-lime. 

The  form  in  which  the  silica  may  be  restored  to  the  soil  in  a  state  in 
which  the  plant  can  absorb  it,  will  oe  considered  hereafter. 

Though  large  as  a  whole,  the  weight  of  each  of  the  ingredients,  taken 
mgly,  is  not  great;  and  yet  it  is  not  difficult  to  understand  that  if  a 
constant  drain  be  kept  up  on  the  soil  year  after  year,  and  the  practical 
forming  adopted  is  of  such  a  kmd  as  %oi  to  restore  to  tbe  soil  a  doe  pro- 
portion Q^each  of  the  substances  carried  off— the  time  must  come  when, 
under  ordinary  circumstances,  the  soil  wiH  no  longer  be  able  to  supply 
the  demands  of  a  healthy  and  hixuriant  vmtation. 

II.  Let  us  next  consider  the  effect  of  a  four-years*  course  svstem  in 
withdrawing  these  inorganic  substances  from  the  soil.  And  for  this 
purpose  let  us  adopt  one  suited  to  the  lighter  soils— as  to  that  of  Norfolk^— ; 
iMmtpt,  barUy,  clover  and  rye  grau,  wne^t. 

Let  the  crop  of  turnips  amount  to  25  tons  of  roots  per  acre,  of  barley  to 
38  bushels*  of  clover  and  rye  grass  each  to  one  ton  of  hay,  and  of  wheat 
as  before  to  26  bushels.  Then  we  have  from  the  entire  rotation  in 
pounds— 

*  OoounoB,  aBBoagoDMr  conatfai,  la  tbat  of  Duitam.  There  en  eeeei,  hom^twr.  In 
yMeh  Uile  ttiree  feen*  eouree  may  not  be  Indefeoelble,  end  it  never  oooU  be  eompered  wlUk 
■OHM  of  tbe  eo-ceUed  improved  rolatioae  in  Beet  Lothian  to  tbe  time  of  Lord  Kemee ;  mm  for 
hMlmre,  fettwe,  JarUy^ tkmer,  —nnre oa f  ^— -  ^.-      -  ._  -  .^ 

Tk$  flmliminii  Pmimr  (1802),  p.  147. 
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Mxinup 
Room. 

Qnte.  flttaw. 

JPMJU     . 

Otover. 

CInM.  QntaL  Mmv. 

«vt^ 

Potteb  ••<••• 

145-5 

5-6 

4*5 

450 

28-5 

3-3 

0-6 

933-0 

Soda 

64-3 

5-8 

1-1 

12^ 

9-0 

3-5 

0*9 

96-e 

Lime 

46-8 

2-1 

12*8 

630 

16-5 

1-5 

7-2 

149-0 

Magnesia.  .  .  • 

15*5 

3-6 

1-8 

7-5 

20 

1-6 

10 

32-9 

Alttmiaa 

2-2 

05 

3*4 

0-3 

0-8 

0-4 

2-7 

10-3 

Silica 

23-« 

23-6 

^-0 

8-0 

620 

6Q 

860 

299-2 

Salphnric  Add  • 

49-0 

1-2 

2-8 

lOQ 

8-0 

0-8 

10 

72-8 

Pbasphoric  d9.  • 

2S-4 

4-2 

3-7 

150 

0-6 

0-6 

50 

51-5 

Chloiiae   .  ,  •  . 

14-5 

0-4 

1-5 

80 

01 

0-2 

09 

25-6 

970-9* 
On  eomparing  the  Mimbere  in  the  iMt  colnmii-MxiiitaiBiog  the  total 
qaamity  of  matter  abstracted — ^with  those  contained  in  the  three  years* 
Totatioo  (p.  221),  we  see  how  very  much  larger  an  addition  must  be 
made  to  the  land  every  iborth  year,  if  we  are  lb  restore  to  it  any  thing 
like  an  equivalent  for  the  ioorgamc  matter  carried  ofil 

It  will  be  especially  observed  that  the  quantity  of  potash,  and  of  soda* 
«ttd  indeed  of  nearly  every  inmdient  except  the  silica,  carried  off  in 
-diis  oooree  of  cropping,  is  much  greater,  even  is  proportion  to  the  time 
it  occupies,  than  in  the  three^ysar  shift*— and  that  rnne-UrUhs  of  the  pot- 
ash and  soda  trithdrawnfrom  the  $oU4une  eonkdned  in  Ae  green  crops.  ^ 
To  place  the  relative  effect  of  the  gieen  and  corn  crops  upon  the  soil 
in  a  clearer  light,  1  shall  exhibit  the  several  quantities  of  common  and 
artijieial  salts  and  manures  which  it  would  be  necessary  to  add  to  each 
acre  at  the  beginning  of  this  rotation,  in  order  lo  supply  the  various  inor* 
game  sahsiances  abont  to  he  taken  from  the  land  in  the  next  four  years* 
cropping.    These  qaanttties  aero  as  lUlow,  in  pounds  >^ 

ToteL 

Dry  Pearl-ash 325 

Crystallized  Carbonate  of  Sodaf  333 

Common  Salt     .    •    •    .    •  43 

Gypsum *-> 

Quick-lime 150 

£peom  Salts 200 

Alum 83 

Bone-dost 210 

With  the  exception  of  the  silica,  the  substances  above-aamed,  in  the 
quantities  given,  will  replace  all  the  inorganic  matters  contained  in  the 
whole  crop  reared,  the  turnip  tops  alone  not  included.  A  single  glance 
at  the  second  and  third  columns  shows  how  much  greater  a  proportioo 
of  all  these  substances  is  necessary  to  return  what  the  green  crops  have 
taken  from  the  land. 

That  the  fertility  of  the  soil  depends  in  some  considerable  degree  on 

*  Tlita  ia  »chwN«  of  the  t«nrip  topt,  inlifeh  1  !»▼«  omitted,  fh>B  not  kiioiitat  wtet  pro* 
portion  Uieir  weight  in  the  green  Mate  geoenllj  been  to  thet  of  the  roots. 

t  Or  for  ererj  100  lbs.  of  Uie  eommon  cazhonete  of  kkU  nay  be  tiibilttiitsd  lOlbf.  «f 
eoBunon  ^  or  SO  lbs.  of  dry  nteete  of  aode. 


Ibrthe 

Fbrtke 

Green  Crope. 

Com  Crops. 

316 

9 

290 

43 

38 

5 

30 

«- 

100 

7 

150 

50 

27 

56 

150 

60 
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the  qaantity  of  ihe  alkaline  and  other  compounds  present  in  it,  there  can 
be  naqueation,— since  not  only  do  we  find  extraordinary  natural  luxuri- 
ance of  vegetation  where  some  of  these  happen  to  be  present  in  the  soil, 
but  we  can  of\en  greatly  increase  the  apparent  productiveness  of  oar 
fields  by  spreading  such  substances  over  them  in  sufficient  quantity. 

How  comes  it,  then,  that  the  green  crops  which  carry  iff  all  thete 
sabstances  in  the  greatest  quantity  by  very  much,  should  yet  least  injure 
the  land,-*-Day,  s£>Qld  rather  renew  and  prepare  it  again  for  the  growth 
c^  crops  of  corn? 

This  is  one  of  the  most  interesting  practical  questions  which  can  pre- 
tent  itself  to  us  in  the  existing  state  of  theoretical  agriculture  ;^but  it 
would  carry  us  away  from  our  more  immediate  object,  were  we  prema- 
turely to  enter  upon  the  discussion  of  it  in  this  place.  It  will  hereafter 
demand  our  especial  attention,  when  we  shall  have  become  familiar 
with  the  nature  and  origin  of  soils. 

I  may  be  permitted,  however,  to  draw  your  attention  here  for  a  mo- 
ment—as neither  out  of  place,  nor  unioterestino:,  for  many  reasons,— to 
an  opinion  expressed  by  Liebig  on  the  question  lohy  wheat  prefers  stiff 
and  dayey  sails.  **  Again,"  he  says,  **how  does  it  happen  that^  wheat 
does  not  flourish  in  a  sandy  soil,  and  that  a  calcareous  soil  is  also  un- 
auitable  for  its  growth,  unless  it  be  mixed  with  a  considerable  quantity 
of  clay  ?  It  is  because  these  soils  do  not  contain  alkalies  in  sufficient 
quantity,  (he  growth  of  wheat  being  arrested  by  this  circumstance,  even 
should  all  other  substances  be  presented  in  abundance.*'— [Organic 
Oiemistry  applied  to  Agriculture^  p.  151.1 

y^ithout  dwelling  on  the  fact  that  excellent  props  of  wheat  are  reaped 
in  aome  pans  of  our  island  from  sandy  and  calcareous*  soils— what  kind 
of  crops,  we  may  ask,  can  be  reared  with  success  on  the  lighter  soils  to 
which  wheat  seems  least  adapted  ?  The  turnip  rejoices  in  light  land, 
and  the  potato  not  unfrequently  attains  the  greatest  perfection  on  a  sandy 
•oil.  Yet  ten  tons  of  potato  roots,  or  twenty  of  turnip  bulbs, — exclu- 
sive of  the  tops— contain  nearly  ten  times  as  much  of  the  two  alkalies, 
potash  and  soda,  as  fifly  bushels  of  wheat  witli  its  straw  included.} 
What  ground  is  there,  then,  for  the  explanation  given  by  Liebig-*of  the 
peculiar  qnalities  of  the  so-called  wheat  lands?  We  might  with  far 
greater  show  of  reason  assume  the  converse  of  his  proposition,  and  infer 
that  wheat  does  not  prefer  sandy  soils,  because  they  are  too  rich  in  alkali  f 
It  is  alngular,  and  would  almost  seem  to  strengthen  this  converse  propo- 
sition, that  beans,  peas,  and  vetches,  which  are  so  often  resorted  to  as  a 
good  preparative  for  wheat,  contain  also  a  much  larger  quantity  of  alkali 
than  the  latter  grain.  Thus  the  graimand  straw  together  of,  twenty-six 
bushels  of  beans  contain  71  lbs.,  of  twenty  bushels  of  peas  26  lbs.,  and 
of  twenty  bushels  of  vetches  74  lbs.  of  potash  and  soda  taken  together. 

As  I  have  already  stated,  however,  we  are  not  yet  prepared  for  dia- 
cussing  this  very  curious  and  interesting  question. 

*  On  the  thin  ehalk  goO>  of  the  Vorkshire  Wolds  a  ciY>p  of  wheat  !■  taken  ereij  four  or 
tve  jreara,  jieldlof  an  aTeiage  of  31  or  25  bushels.  The  rotation  is  turnips,  barley,  clover  or 
beans,  wheat 

t  Aceordinf  to  the  analjaes  of  Sprengel  given  in  the  nrerioua  paeea,  ten  tons  of  potatoes 
contain  143  lbs.  of  alkalies,  twenlj  tons  of  turnips  IM  lbs.,  wad  My  bushels  of  wheat  with 
Ms  slAw  OD17 16  lbs. 
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§  5.  QT  ()^  aUeged  eomtanejf  of  (he  inorganic  constihienU  of  plants^  tfi 
,  kind  and  quantity. 

In  the  preceding  lecture  (ix.,  p.  177),  it  was  stated  that  the  ash  of  the 
eame  pluit,  if  ripe  and  healthy*  is  nearly  the  same  in  kind  and  quality 
in  whatever  circa  mstances  (if  favoarabfe)  of  soil  and  climate  it  may 
grow.  This  general  observation,  however,  is  consistent  with  certain 
differences  in  tne  above  respect,  which  are  not  without  interest  in  their 
bearingupon  agriculture  both  in  theory  and  practice.    Thus, 

l**.  The  different  parts  of  the  same  plant  contain  quantities  of  inor- 
ganic matter,  not  only  different  in  their  gross  weights,  but  unlike  also  ia 
the  relative  proportions  of  the  several  substances  of  wbicli  the  entire  ash 
consists.  Both  of  these  points  have  been  previously  illustrated  (pp.  17d« 
ISO),  and  they  are  placed  in  the  clearest  light  by  the  ta*balated  analyset 
introduced  into  the  preceding  section. 

2^.  The  Quantity  and  relative  proportions  of  the  different  inorganic 
substances  uso  vary  with  the  season  of  the  year  at  which  the  examina- 
tion is  m'ade.  Thus,  according  to  De  Saussure,  plants  of  the  same  wheat 
which  a  month  before  flowering  led  7*9  per  cent,  of  ash,  lefl  when  in 
flower  only  5*4,  and  when  ripe  3*3  per  cent.  The  quantity  of  potash 
in  the  potato  leaf  diminishes  very  much  as  the  plant  approaches  to  ma- 
turity (MoUerat)— «ixi  the  same  has  been  observed  in  many  saltworts 
and  other  sea-side  plants.  In  the  youne  plant  of  the  saUola  davtfoiia 
there  is  much  potasn  and  no  soda,  but  as  its  age  increases  the  latter  alkaK 
appears,  and  gradually  takes  the  place  of  the  former.* 

It  is  probably  true,  therefore,  of  all  plants--that  the  ash  both  in  kind 
and  quantity  is  affected  by  the  age  at  which  the  plant  has  arrived.  It 
would  appear  that  the  unlike  chemical  changes  which  take  place  in  the 
interior  of  the  plant,  at  the  successive  periods  of  its  growth,  require  the 
presence  of  dmerent  chemical  agents— or  that  the  production  of  new 
parts  demands  the  co-operation  of  new  substances. 

3^.  Similar  difierences  are  sometimes  observed  also  when  the  sauM 
plant  is  grown  in  different  soils.    Thus  it  is  known  that  the  straw  of  the 
oat  grown  upon  boggy  land  is  very  different  in  colour  and  lustre,  from 
that  yielded  by  the  same  variety  of  seed,  when  grown  upon  souiid  and 
solid  soil.    I  lately  examined  two  such  portions  S[  straw  from  the  same 
seed— grown  on  the  same  farm  on  the  estate  of  Dunglass,  the  one  on 
boggy,  the  other  on  sound  stiff* land,  when  the  straw  from  the 
Sound  land  left  6*64  per  cent,  of  ash,  and  from  the 
Boggy  land  '*   6*2   per  cent,  of  ash ; 
while  the  eiliea  contained  in  the  ash  from  the 

Sound  land  amounted  to  3*42  per  cent.,  and  from  the 

Boggy  land       **        to  1*90  per  cent,  of  the  weight  of  the  straw* 

A  remarkable  difference,  therefore,  existed  in  the  relative  proportionst 

*  M«7Mi,  JUkrmberlekit  1839,  p.  196.  fa  regard  to  these  nlt-loving  plants,  whicb  generallf 
aboaod  in  aoda,  a  cartoaa  olMenration  was  lonf  aao  made  l>7  Cadet  Ha  states  that  if  a  ptenK 
of  common  nlt*«POft  (Miiola  aaK)  be  transplanted  Into  an  inland  dlatricl— and  seed  from  this 
plant  be  aftenvtnis  sown,  the  sf  eond  race  of  plants  will  conUin  mueh  potash,  but  seajnoely  « 
trace  of  soda.— OmeUn's  Bmdbuek  der  Cklmiet  H.  p.  MSB.  Potash  may  thos  take  ths 
place  of  aoda  Ibr  a  Ume,  but  remored  firom  Us  natiTe  hadUat^  the  plant  would  in  a  few  i«a^ 
laUons  die  out  and  disappear. 


at  least  of  the  silica,  in  these  two  yarieties  of  straw,  and  this  difiereace 
can  be  attributCM]  only  to  the  unlike  nature  of  the  soils  in  whidi  the  two 
samples  were  grown.  But  on  boggy  soils  the  oat  plant  is  unhealthy, 
and  in  general  neither  fills  its  ear,  nor  ripens  a  perfect  seed  ; — the  dif* 
lerence  in  the  ash  in  this  case,  therefore,  cannot  be  considered  as  entirely 
opposed  to  the  general  proposition,  that  in  a  healthy  state,  plants  at 
the  same  peiiod  of  their  growth  always  yield  nearly  the  same  weight 
ofash^ 

But  that  different  experimenters  have  obtained  very  unlike  <}aantities 
of  ash,  from  the  most  com  moQ.  cultivated  plants,  apparently  in  a  state 
of  heahh,  when  grown  under  diiferent  circumstaocesof  soil  and  clinuite, 
^-does  appear  to  contradict  this  general  proposttion*  Thus  100  lbs.  of 
r^  uheai  straw  leave  of  ash 

4*^  lbs.  De  Sanssure; 
4*4  lbs.  Benhier; 
3*5  lbs.  Sprengel ; 
16-5  lbs.  Sir  H.  Davy ; 
while  the  straw  of  one  variety  of  red  wheat  grown  on  a  clay*loam,  ac 
Avkley  Heads,  near  Durham,  gave  me  6*6  per  cent.,  and  that  of  two 
other  varieties  of  red  wheat,  grown  near  DaJloo,  in  Ravenswonh  Dale, 
Yorkshire,  a  country  abounding  in  Mmestone— -and  on  the  same  fiel<^ 
left  respectively  12*  l5  and  16*5  per  cenu  of  ash.    The  difference  of  4 
per  cent,  between  these  last  two  results,  shows  that  tlie  quantity  of  ash 
depends  much  upon  the  variety  of  grain  examined-«-thoogh  to  what  ex- 
tent all  the  great  diflerences  obtainM,  as  above  shown,  are  to  be  ascribed 
10  thu  cause- alone,  it  is  impossible  to  say,  undl  -numerous  other  experi- 
ments shall  have  been  instituted. 

One  thing,  however,  is  manifest,  that  the  quantities  of  inorganic  mat- 
ter necessarily  contained  in  a  crop  of  wheat,  given  in  a  previous  paffe 
(p.  216)  on  the  authority  of  Sprengel,  must  1^  considered  as  probably 
Mr  below  the  mean  proportion,  since  some  varieties  yield,  in  the  form 
of  ash,  about  six  times  as  much  as  is  there  stated. 

£very  one  knows  how  uncertain  general  cooclnsions  are,— K>r  expla- 
nations of  natural  phenomena,— when  deduced  from  single  observations 
only,  and  of  this  truth  the  above  results  present  us  with  a  useful  illus- 
tration. Thus  Liebig,  in  his  Or  game  Chemistry  applied  io.Agrie^^hire 
p.  152,  to  which  we  have  had  frequent  occasion  lo  refer— explains 
why  land  will  refuse  to  grow  wheat,  and  may  yet  produce  good  crops 
of  oats  or  barley  in  the  following  manner : — **One  hundred  parts  of  the 
fltalks  of  wheat  yield  15*5  parts  of  ashes  (H.  Davy) :  the  same  quantity 
of  the  dry  stalks  of  barley  8*54  (Schrader),  and  one  hundred  paru  of  the 
stalks  of  oats  only  4*42.  The  ashes  of  ail  are  of  the  same  composition. 
We  have  in  these  facts  a  clear  proof  of  what  plants  require  for  their 
growth.  Upon  the  same  field  which  will  yield  only  one  harvest  <^ 
wheaii  two  crops  of  barley  and  three  of  oats  may  be  raised.** 

In  this  passage  it  has  been  assumed  that  the  ash  of  wheat  and  other 
straws  is  constant  in  quantity,  that  wheat  straw  always  contains  much 
more  than  that  of  oats  or  barley,  and  that  the  ash  is  in  each  case  of  the 
same  composition  (see  above,  pp.  216  to  217),— all  of  which  premises 
being  incorrect,  the  conclusion  must  of  coarse  be  rejected. 

But  the  straw  of  barley  and  oais  alsoi  aocording  to  difierent  autboriiJM» 
s  10» 
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leaTeBTery  mililce  qoantkies  oTafili.    Thas,  ftceordiDg  to  Sprengel  and 
Schrader,  ^09  lbs.  of 


Oat  straw  leave    •    6-74  Iba.        4-42  lbs.  <r6J. 

Barley  straw   .    .    5-24  Iba.        8-54  lbs. 
We  caooot  help  conceding,  therefore,  generally,  in  resan)  to  the  eeieal 
IftBBBeB,  Ihat  differmt  VAarvriBS,  at  leaet,  <)f  ike  mxme  ^ant,  may  camiain 
inorganic  matter  in  different  proportUmi. 

But  certmn  analyses  wbicb  nave  been  made  seem  to  demaind  a  still 
further  coocessioo*  Thus  De  Saussure  found  that  tbe  ash  left  by  the 
same  tree  or  shrob^-by  tbe  fir  or  the  juni|)er  for  example— difTered  both 
in  kind  and  in  quantity,  according  as  it  grew  upon  a  granitic  or  calca- 
reous soil.  Benhier  also  found  tbe  ash  of  a  piece  of  Norway  pine  {jfi- 
ntu  abies)  to  differ  very  much  from  that  of  the  wood  of  tbe  same  pine 
grown  in  France.  From  these  and  a  fow  other  observations,  the  con- 
clusion has  been  very  generally  drawn  by  vegetable  physiologists,  that 
the  ash  of  plants  in  general  is  determined  both  in  kind  and  quantity  hy 
the  eoil  in  uMch  they  grow. 

This  is  very  likely  to  be  troe  to  a  certain  extenU  as  we  have  seen  ia 
tbe  straw  of  the  bog  oat  above  adverted  to,  but  a  sufficient  number  of 
accurate  comparative  analyses  af  the  ash  of  cultivated  plants*  has  not 
yet  been  pablisbed,  to  enable  us  to  determine  the  precise  mfluence  of  the 
aoil  in  all  eases.  It  is  impossible,  however,  that  the  prevailing  charac^ 
ter  of  the  soil  can  have  more  than  a  general  influence  on  the  character  ot 
the  ash  of  any  living  vegetable— «o  long  as  die  plant  retains  a  heaWiy 
state.  Tbe  experiments  of  De  Saussure  do  not  appear  to  have  been 
made  with  sufficient  care,t  while  the  only  comparative  experiment  of 
Berthier  is  open  to  objections  of  another  kind. 

I  have  said  that  the  quantity  and  kiiid  of  tbe  a^  is  likely  to  be  affected 
l»y  tbe  character  of  the  soil  to  n  certain  extent.  The  following  considera- 
tions seem  to  embody  nearly  ail  the  sources  of  such  variation,  of  which 
we  can  at  present  speak  with  any  degree  of  certainty :— 

1^.  Plants  at  diflferent  periods  of  their  growth  require  for  tbe  produc- 
tioiT  of  their  several  parts,  and  therefore  appropriate  fmm  tbe  soil,  differ- 
ent ioov^ganic  substances  ;t  hence  tbe  ash  will  vary  with  the  age  of  tha 
plant. 

▼loietj  of  wbMt  (BuoteT^  wb^at>  grown  m  dlflbrtnt  soMi  ki 
gate  me  Tery  OMrly  Uie  Maie  proportion*  of  uh.    Tims 

l^'.  I>eep  reddish  clay  loea,  •M&eoa  grarel,  left    1  776 

20.  Red  clay  on  grayel ITST 

SO.  8(Hrelayoiireteatl?««itwnn t-90B 

<o.  Liaht  clay  on  ntber  reieoliTe  aubaoU    .    .    1-917 

go.  Light  turnip  land 18^ 

These  reaoNa  approach  very  near  eaeh  other.  11»e  dMffirencee  are  pf'rhaps  too  8i!f[ht  to 
JoaUfy  oa  la  coododial  Ihac  ibe  aab  it  graalMl  In  quanlUy  when  Um  anlaulUa  OMet  maa- 

t  The  aecoracy  of  De  Sauaaure'a  analyses  is  rendered  very  doohtfiil  by  tbe  Tact  thai.  !■ 
Ae  asbofalMhe  diftrent  trees  and  ahraba  he  examined,  he  found  a  targe  qoanfity,  in  mat 
of  the  juniper  aa  much  aa  43  per  cent,  of  Qbtminoj  and  In  that  of  the  phie  fram  12  to  IS  per 
cent,  while  Berthiar.  whose  sUU  la  undisputed,  found  no  alumina  In  tbe  aab  of  any  of  lbs 
snmeroaa  trees  on  «nilch  his  experiments  were  made. 

X  Thia  fact  indleatee  aa  exeeedlngly  IntervatliHE  field  of  ehemleal  reaearcb  la  connecaoo 
with  pfaeUeal  agriculture.  What  aubataaoa  will  bring  tUa  or  that  aeetf  Into  sariy  leafV- 
what  will  baaUnlUgiowthIa  middle  UfbT—what  will  briai  It  to  aariymabirttyl    niawlMSl 


*  VlTe  saaalea  of  the  mma  ^fxi 
the  neighbouniood  of  Haddingloo, 
ItM  saBm>le  groarn  on  a 
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2®.  If  the  substances  Decessary  for  the  perfection  of  one  or  more  parts 
of  a  planl  abound  in  »}ic  soil,  its  chipf  (levolopcnient  will  take  ihe  direc- 
tion of  those  pans.  Thus  one  plant  will  run  to  leaf  or  straw,  another  to 
flower  and  seed.  Thus  also  in  the  grain  of  one  crop  of  wheat  more  glu- 
ten 18  produced  than  in  that  of  another,  and  as  this  gluten  appears  to 
contain  the  phosphates  of  lime  and  magnesia,  as  essential  constituents, 
the  ash  will  necessarily  vary  with  the  gluten  of  the  seed. 

3®.  Some  substances  appear  to  enter  into  the  circulation  of  plants  not 
so  much  as  actual  and  necessary  constituents  of  the  parts  of  the  vegetable, 
as  to  serve  as  media  or  agents  by  which  other  compound!*,  boili  organic 
and  inorganic,  may  be  conveyed  to  the  plant.  Thus  common  salt  ap- 
pe^  to  enter  many  plants  for  the  purpose  of  supplying  soda,  its  chlo- 
rine being  discharged  by  the  leaf.  Silica  enters  the  plant  chiefly  in  the 
form  of  silicate  of  potash  or  soda.  When  it  reaches  its  proper  destina- 
tion—the stalks  of  the  grasses  for  instance— -this  silicate  is  decomposed 
chiefly  by  the  carbonic  acid,  which  is  always  present  in  the  pores  of  the 
green  stem,  the  silica  is  deposited  and  the  alkali  proceeds  downwards 
with  the  sap  as  a  soluble  carbonate,  or  in  combination  with  some  other 
organic  acid.  Thus  the  same  portion  of  alkali  may  return  many  times 
into  the  circulation  with  this  or  with  other  materials  which  the  parts  of 
the  plant  require,  and  every  new  burden  it  deposits  will  necessaiily 
cause  a  new  variation  in  the  relative  proportions  of  the  several  inorganic 
constituents  which  are  afterwards  detected  in  the  ash. 

4°.  As  the  water  which  enters  by  the  roots  always  brings  with  it, some 
soluble  substances,  the  quantity  of  these  conveyed  into  the  plant  will  be 
materially  affected  by  the  amount  of  evafK)raiion  from'  the  leaves;  and 
hence,  after  a  long  drought,  the  leaves  of  the  turnip,  the  potato,  and 
other  plants,  will  yield  a  larger  proportion  of  ash  than  will  be  obtained 
from  them  in  moist  and  rainy  weather. 

6°.  In  the  mineral  kingdom  it  is  found  that  one  substance  mav  not 
unfrequently  take  the  place,  and  perform  the  functions,  of  another,  i'hus 
potash  and  soda  replace  each  other  in  certain  minerals,  as  do  also  lime 
and  magnesia  and  the  phosphoric  and  arsenic  acids.  It  has  been  sup- 
posed that  a  similar  inrerehnna;e  may  take  place  in  the  vegetable  king- 
dom—that when  the  plant  cannot  get  potash  it  will  take  soda — that 
when  it  can  get  neither,  it  will  appropriate  lime, — and  so  on»  Such  a 
conjectural  interchange  may  possibly  take  place  in  a  small  degree,  for  a 
limited  time,  and  in  certain  plants,  without  materially  aflTecting  their  ap- 
parent health— but  it  is  not  by  trusting  to  such  resources  of  nature  that 
a  luxuriant  vegetation  or  plentiful  crops  will  ever  be  reared  by  the  prac- 
tical agriculturist. 

Admitting,  however,  all  these  sources  of  variation  in  the  kind  and 
quantity  of  the  ash  obtained  from  different  plants,  the  sound  practical 
conclusions  from  all  we  know  on  the  subject  at  present  seem  to  be — 

1°.  That  certain  inorganic  substances,  in  certain  proportions,  are  ne- 
cessary to  all  plants  usually  cultivated  for  food — if  they  are  to  be  reared 
or  maintained  in  a  healthy  state. 

•teDc  and  the  pottto  require  more  potash  while  in  rapid  cmwth.  This  growth  mny  be  eon. 
lioued  and  urolongeil  b/  the  presence  of  ammonia ;  white  lime  is  said  to  bring  it  aooDer  to 
a  eloM,  ana  to  giTO  an  earlier  hairest.  How  valuable  would  be  the  maltipUcation  of  aneh 
frctal 


228  MAtlS  OF  BirXJeHTENSD   PftACTICAL  AeKICULTU&IE. 

2°.  That  we  most  seek  for  theee  neee$$ary  Bubstances  in  the  ioatfUiSc 
consdtaents  wliicb  are  preteot  in  the  richest  crops  of  every  kind— in  the 
produce  of  the  most  ferdle  soils.* 

3^.  That  where  Uiese  necessary  substances  are  not  present  in  any 
soil,  WIS  may  infer  that  it  will  prove  unfit  to  yield  a  luxuriant  crop  of  a 
given  kind ;  or,  on  the  other  hand,  where  these  substances  are  not  to  be 
detected  in  the  ash  of  the  plant,  nhat  the  fault  of  the  crop,  if  any,  may  be 
ascribed  to  their  partial  or  total  abeence  from  the  soil  on  which  it  grew. 

These  conclusions  form  the  basiB  of  an  enlightened  and  scientific  prac- 
tical agriculture.  This  basis,  however,  requures  to  be  strengthened  and 
enlarged  by  further  experimental  investigations. 

*  «*Ib«vsflaiiUaed.»Myi9prei«el,  "ihefln«ft  leed^sonM  ftom  nuiy  localities, aad I 
have  ImputaMy  found  the  qoennttoe  not  onlr  of  the  oiiuile  MiMtaneee— etmli,  angUi  Afe.— 
iNit  also  of  the  InoiiBnle  oompoQiide  lo  eU  the  eelebraied  aeed-eonie,  so  perfecilj  elika,  thai 
one  would  hsfsthooght  they  hsdstt  grown  <»  one  end  the  ssinesoa."--TLdbi»»swJPB^^ 
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Naton  ud  ortafn  of  ■oOs.^Oiiuiie  SMtter  la  ttie  ■oO.— Ctonenl  eontfltntlon  of  the  eaKhj 
pan  of  the  toU.— Ctaeriilcatlon  of  eofle  from  their  ehemieal  comtitueote.— Method  of  ep- 
praximete  aiwlyaie  for  the  porpoeee  of  elMelAoetio&— Oeoerml  oilfin  of  aoiU  and  enbeollai 
— ficroeture  of  the  earth'a  cruet.— atrattded  and  unatratified  rocka.— Crumbling  or  dear*- 
datioQ  of  rocka.— OiTeiBity  of  aolla  produced.— Superflcial  accumulatlona.— liKbular  View 
of  the  ehaxacter  and  acriotittufal  capat>Hitii»  of  the  aoUa  of  the  different  parts  of  Great 


Such  are  the  inorganic  compoands  whicb  minister  to  the  growth  of 

Elante,  and  such  the  proportions  in  which  they  severally  occur  in  the 
▼ing  vegetable*  Whence  are  these  inorganic  constituents  all  derived  f 
We  have  seen  that  the  atmosphere,  when  pure,  contains  no  inorganic 
matter,  and  that  if  dust,  spravt  or  vapours  occasionally  float  in  the  air, 
and  are  carried  by  the  winds  to  great  distances— yet  that  they 'are 
only  accidentally  present,  and  canix>t  be  recarded  as  a  source  from 
which  the  general  vegetation  of  the  globe  denves  a  constant  supply  of 
those  mineral  substances  which  are  necessary  to  its  healthy  existence. 

The  soil  on  which  thev  grow  is  the  only  natural  source  from  which 
their  inorganic  food  can  Be  derived.  We  are  led,  therefore,  as  the  neit 
subject  of  our  study,  to  inquure  into  the  nature  and  origin  of  soils.* 

§  1.  Cfffie  orgamc  maUer  in  the  sad. 

Soils  difier  much  as  regards  their  immediate  origm,  their  physical 
properties,  their  chemical  constitution,  and  their  agricultural  capabili- 
ties; yet  all  soils  which  in  their  existing  state  are  capable  of  bearing  a 
profitable  crop,  possess  one  common  character— they  all  contain  orgame 
jnatter  in  a  greater  or  a  less  proportion. 

This  organic  matter  consists  in  pait  of  decayed  animal,  but  chiefly  of 
decayed  vegetable  substances,  sometimes  in  brown  or  black  fibrous  por- 
tions, exhibiting  still,  on  a  careful  examination,  something  of  the  orici- 
oai  structure  of  the  organized  substances  from  which  they  have  been  de- 
rived—sometimes forming  only  a  fine  brown  powder  intimately  inter-, 
mixed  with  the  mineral  matters  of  thf  soil— sometimes  scarcely  percep- 
tible in  either  of  those  forms,  and  existing  only  in  the  state  of  organic 
compounds  more  or  less  void  of  colour  aiid  at^  times  entirely  soluble  in 
water.  In  soils  which  appear  to  oonsbt  only  of  pure  sand,  or  clay,  or 
chalk,  organic  matter  in  this  latter  form  may  often  be  detected  in  con- 
siderable quantity. 

^  The  proportion  of  organic  matter  in  soils  which  are  naturally  produc- 
tive of  any  useful  crops,  varies  from  one-half  to  70  per  cent,  of  their 
whole  weight.  With  less  ^an  the  former  propordon  they  will  scarcely 
support  vesetatioit— with  more  than  the  latter,  they  require  nq^uch  acp 
mixture  before  they  can  be  brought  into  profitable  cultivation.    It  is 

*  On  the  aobieet  of  fhlaand  the  MIowfaif  leetnra,  the  reader  will  coonH  with  ttdnattn 
w  sneOMit  Iltt&e  wwl^  *«  0»  ita  iMiMrv  omT jmywl^  ^M<K"  by  Mr.  John  1^^ 
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only  in  boegy  and  ipeaty  soils  that  the  latter  large  proportion  is  ever 
found — ^in  we  best  soils  \he  organic  matter  does  not  average  five  percent., 
and  rarely  exceeds  ten  or  twelve.  Oats  and  rye  will  grow  upon  land 
containing  only  one  or  one  and  a  half  per  cent.— barley  where  two  or 
three  |^r  cent,  are  present-— but  good  wheat  soils  contain  in  general  from 
4  to  8  per  cent.,  and,  if  veiy  stiflf  and  clayey,  from  10  to  12  per  cent, 
may  occasionally  be  detected. 

Though,  however,  a  certain  proportion  of  organic  matter  is  always 
found  in  a  soil  distinguished  for  its  fertility,  yet  the  presence  of  such  sub- 
stances is  not  alone  sufficient  to  impart  fertility  to  tiie  land.  I  do  not 
allude  merely  to  such  as,  like  peaty  soils,  contain  a  very  large  excess  of 
vegetable  matter,  but  to  such  also  as  contain  only  an  average  proportion. 
Thus  of  two  soils  in  the  same  neighbourhood — the  one  contained  4*05 
per  cent,  of  organic  matter,  and  was  very  fruitful^he  other  4-19  per 
cent.,  and  was  almost  barren.  This  fact  is  consistent  with  what  has  been 
stated  in  the  two  preceding  lectures,  in  regard  to  the  influence  exercised 
by  the  dead  inorganic  matter  of  the  soil,  on  the  general  health  and  luxo* 
riance  of  vegetation. 

§  2.  General  consHttUitm  of  the  eariky  part  of  ike  9oil. 

From  what  is  above  stated,  it  appears  that,  on  a  general  average,  the 
earthy  part  of  the  soil  in  our  climate  does  not  constitute  less  than  96  per 
cent,  of  its  whole  weight,  when  free  from  water.  This  earthy  part  con- 
sists principally  of  three  ingredients : — 

1°.  Of  jSiZica,  siliceous  sand,  or  siliceous  gravel— of  various  degrees 
of  fineness,  from  that  of  an  impalpable  powder  as  it  occurs  in  clay  soils, 
10  the  large  and  more  or  less  rounded  sandstones  of  the  gravel  beds. 

2®.  Alumina — generally  in  the  form  of  clay,  but  occasionally  occur- 
ring in  shaly  Or  slaty  masses  more  or  less  bard,  intermingled  with  the 
soil. 

3^.  Lime^  or  carboiiate  of  lim^— in  the  form  of  chalk,  or  of  fVagments 
more  or  less  large  of  the  various  limestones  that  are  met  with  near  the 
surface  in  different  countries.  Where  cultivation  prevails  it  often  bap- 
pens  that  all  the  lime  which  the  soil  contains  has  been  added  to  it  for 
agricultural  purposes — ^in  the  formofc^uick-lime,  of  chalk,  of  shell-sand, 
or  of  one  or  other  of  the  numerous  varieties  of  marl  which  different  dis- 
tricts are  known  to  produce. 

It  is  rare  that  a  superficial  covering  is  anywhere  met  with  on  the 
surface  of  the  earth,  which  consists  solely  of  any  one  of  these  three  sub- 
stances— a  soil,  however,  is  called  sandy  in  which  the  siliceous  sand 
greatly  predominates,  and  calcareous^  where,  as  in  some  of  our  cbalk 
and  limestone  districts,  carbonate  of  lime  is  present  in  considerable  abun- 
dance. When  alumina  forms  a  large  proportion  of  the  soil,  it  constitutes 
a  clay  of  greater  or  less  tenacity. 

The  term  clay^  however,  or  pure  day^  is  never  used  by  writers  on 
agriculture  to  denote  a  soil  consisting  of  alumina  only,  for  none  such  ever 
occurs  in  nature.  The  ^\xre  porcelain  clays  are  the  richest  in  alumina, 
but  even  when  free  from  water  they  contain  only  from  42  to  48  per  cent, 
of  this  earth,  with  from  52  to  58  of  silica.  •  These  occur^  however,  onlj 
in  isolated  patches,  and  never  alone  form  the  soil  of  any  considerable 
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district.    Tbe  strongest  clay  soils  which  are  anywhere  in  cultivation 
rarely  contain  more  than  36  per  cent,  of  alumina.* 

Soils  10  general  consist  in  creat  part  of  the  three  substances  above 
named  in  a  state  o(  mechanical  mixture*  This  is  alwdys  the  case  with 
the  siliceous  sand  and  with  the  carbonate  of  lime^but  in  tbe  clays  the 
silica  and  the  alumina  are,  for  the  roost  part,  in  a  state  of  chemictu  camr 
biruition.  Thus,  if  a  portion  of  a  stiff  clay  soil  be  kneaded  or  boiled 
with  repeated  portions  of  water  till  its  coherence  is  entirely  destroyed, 
and  if  tne  water,  with  the  finer  parts  which  float  in  it,  be  then  poured 
into  a  second  vessel,  the  whole  d*  the  soil  will  be  separated  into  two  por- 
tions—a fine  impalpable  powder  consisting  cbiefly  of  clay,  poured  oflT 
with  the  water,  and  a  quantity  of  siliceous  or  other  sand  in  particles  of 
varions  sizes,  which  will  remain  in  tbe  first  vessel.  This  sand  was 
only  mechanically  miied  with  the  soil.  The  fine  clay  retains  still  some 
mechaoical  admixtures,  but  consists  cbiefly  of  silica  and  alumina  diem- 
ically  combined. 

Of  tbe  porcelain  clays  above  alluded  to,  there  are  several  varieties, 
three  of  which,  containing  the  largest  proportion  of  alumina,  couMit  res- 
pectively of— 

I.  II.  III. 

Silica  .  •  47-03  46-92  460 
Alumina  .  39-23  34.81  40-2 
Water   .     •     13-74        18-27        13-8 

10000      10000      lOO-Of 
Bat,  as  alrea4y  stated,  these  clays  rarely  form  a  soil—- the  stiflest 
clays  treated  by  the  agricuhurist  coDtaining  a  further  portion  of  silica, 
aoroe  of  which  is  mecbanicaUy  mixed,  and  can  be  partially  separated  by 
mechanical  means. 

The  strongest  agricaltural  clays  {pife-^layi)  of  which  trustworthy 
analyses  have  yet  been  published,  eoosist,  in  the  dry  state,  of  56  to  62 
of  silica,  from  36  to  40  of  alumina,  3  or  4  of  oxide  of  iron^  and  a  trace  of 
lime.  Clays  of  this  com  position  are  distinguished  by  the  foreign  agri- 
ciihural  writen  as  pure  days*  They  are  all  probably  made  op  of  some 
of  tbe  varieties  of  porcelam  clay,  more  or  less  intimatel^r  mixed  with 
siliceous  and  ochrey  particles«-4o  so  minute  a  slate  of  division  that  they 
caofMit  be  separated  by  the  method  of  decantation  above  described. 

These  days  are  adopted  by  the  German  and  French  writers  as  a 
standard  to  which  they  can  liken  clay  soils  in  general,  and  by  compari- 
son with  which  they  are  enabled  distinctly  to  classify  and  name  them. 
As  the  use  of  the  term  day  in  this  sense  has  been  introduced  into  Etig- 

*  lo  an  lD(«rMUiig  paper  oo  aabaoa  ploa<biiiK  by  Mr.  H.  &  Thompaon,  \n  tha  report  of 
(h«  Torkahire  Agricultorel  Boclety  for  183f,  p.  47,  It  ia  atated  that  the  liaa  claya,  which  form 
the  aubeoil  fn  certain  paru  of  TornUre,  oonlain  ■oaietimea,  in  lAa  drg  ttattf  a§  tmtch  m  H 

t  Wbeo  heated  to  rednew  tbe  whole  of  the  water  ia  driven  oif  fSrem  tbeae  clajra,  and  they 
dieo  fonaiat  reapectlveW  of—^ 

Sitica M«  fl74  68-4 

Alumina 46'5  42-6  46-6 

••••••  *  100-0        100-0        lOOO 

which  sombMS  an  la  aceonluee  wifb  those  flTea  at  tbe  ibot  of  the  preoedlQf  pagfc 
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lish  agricaltural books,*  and  as  it  is  really  desirable  to  possess  a  word  to 
which  the  above  meaning  can  be  attached,  I  shall  venture  in  future  to 
employ  it  always  strictly  in  this  agricultural  sense. 

By  alumina,  then,  I  shall  in  all  cases  express  the  pure  earth  of  alum, 
which  exists  in  clays,  and  to  which  they  owe  their  tenacity-^by  clat,  a 
fiTiely  divided  chemical  compoufut^  constsling  very  nearly  of  60  of  sUica 
and  40  of  alumina,  with  a  wUU  oxide  of  iron,  ana  from  vSh^m  no  siliceous 
or  sandu  matter  can  be  separated  mechanically  or  by  decantatian. 

Of  this  clay  the  earthy  part  of  all  known  soils  is  made  up  by  mere 
mechanical  admixture  with  the  other  earthy  constituents  (sand  and 
lime),  in  variable  proportions.  On  a  knowledge  of  these  proportions  the 
following  general  classification  and  nomenclature  are  founded. 

\Z.  €ftke  dassificaiion  of  soils  from  their  chemical  constituents. 

Upon  the  principles  above  described  soils  may  be  classiJSed  as  fid- 
lows  :— 

1^.  Pu;re  day  (pipe-clay)  consisting  of  about  60  of  silica  and  40  of 
alumina  and  oxide  of  iron,  for  the  most  part  chemically  combined.  Ic 
allows  no  siliceous  sand  to  subside  when  difiused  through  water,  and 
rarely  forms  any  extent  of  soil. 

2°.  Strongest  day  soil  (tile-clay,  unctuous  clay)  consists  of  pure  clay 
mixed  with  5  to  15  per  cent,  of  a  siliceous  sand,  which  can  be  separated 
from  it  by  boiling  and  decantation. 

3^.  Clay  loam  differs  from  a  clay  soil,  in  allowing  from  15  to  30  per 
cent,  of  fine  sand  to  be  separated  from  it  by  washing,  as  above  described. 
By  this  admixture  of  sand,  its  parts  are  mechanic^ly  separated,  and 
hence  its  freer  and  more  finable  nature. 

4^.  A  loamy  soil  deposits  from  30  to  60  per  cent,  of  sand  by  noechaai* 
cal  washing. 

5°.  A  smuly  loam  leaves  from  60  to  90  per  cent,  of  sand,  and 

6^.  A  sanJy  soil  contains  no  more  than  10  per  cent,  of  pure  clay* 

The  mode  of  examining  with  the  view  of  naming  soils,  as  above,  is 
very  simple.  It  is  only  necessary  to  spread  a  weighed  quantity  of  the 
•oil  in  a  thin  layer  upon  writing  paper,  and  to  dry  it  for  an  hour  or  two  in 
an  oven  or  upon  a  hot  plate,  the  heat  of  which  is  not  sufficient  to  dis- 
cobur  the  paper— the  loss  of  weight  gives  the  water  it  contained.  While 
this  is  drying,  a  second  weighed  portion  may  be  boiled  or  otherwise 
diorougbly  incorporated  with  water,  and  the  whole  then  poured  into  a 
vessel,  in  which  the  heavy  sandy  parts  are  allowed  to  subside  until  the 
fine  clay  is  beginning  to  settle  also.  This  point  must  be  carefully 
watched,  the  liquid  then  poured  ofi^  the  sand  collected,  dried  as  before 
upon  paper,  and  a^ain  weighed.  This  weieht  is  the  quantity  of  sand 
in  the  known  weight  of  moist  soil,  which  by  the  previous  expenment  has 
been  found  to  contain  a  certain  quantity  of  water. 

Thus,  suppose  two  portions,  each  200  grs.,  are  weighed,  and  the  one 
in  the  oven  loses  50  gn.  of  water,  and  the  other  leaves  60  grs.  of  sand, 
—then,  the  200  grs.  o^meist  are  equal  to  150  of  dry ^  aod  this  150  of  dry 

*  As  in  Brititk  Bu$b€mdry,  p.  113,  VidtaLomdm*9  Bi^udcpcbdia^Agriadhirt,p.ZkB^ 
Where  eluslflcaUoat  of  eoUa  ers  c iTea  ehieilj  from  Von  Tbaer,  tlioiudi  neiUier  wm  es^ 
hlblts  with  MAeleat  promlnepce  the  neiAiiiir  to  be  attaAhed  to  agriemmni  oloy,  m  dlMln« 
folahed  irom  elnmlne,  tpSMitimiii  cstted  pun  cfay  by  Ois  chwUaL 
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nil  ooDtaio  60  of  sand,  or  40  in  100  (40  per  cent.)    It  woald,  therefore, 
be  properly  called  a  loam,  or  loamy  acil. 

ivi  the  above  claaeiiicatioD  baa  reference  only  to  the  clay  and  sand, 
whiie  we  know  that  lime  is  an  iinportant  constituent  of  soiie,  of  which 
they  are  seldom  entirely  destitute.     We  have,  therefore, 

7^.  Marly  9oUi^  in  which  the  proportion  of  lime  is  mpre  than  5  but 
does  not  exdeed  20  per  cent,  of  the  whole  weight  of  the  dry  soil.  The 
marl  is  a  sandy,  loamy,  or  clay  marl,  according  as  the  proportion  of 
clay  it  contains  would  place  it  under  the  one  or  other  denomination,  sup- 
posing it  to  be  entirely  free  from  lime,  or  not  to  contain  more  than  5  per 
cent.,  and 

8°.  Calcareous  soils,  in  which  thelime  exceeding  20  per  cent,  becomes 
the  distinguishing  ooostituent.  These  are  also  calcareous  clays,  calca- 
reous loams,  or  calcareous  sands,  according  to  the  proportion  of  clay  and 
•and  which  are  present  in  them. 

The  determination  of  the  lime  also,  when  it  exceeds  6  per  cent.,  ia 
attended  with  no  difficulty. 

To  100  giB.  of  the  dry  soil  diffused  through  half  a  pint  of  cold  water, ' 
and  half  a  wine-glass  full  of  mnriaticacid  (the  spirit  of  salt  of  the  shops), 
stir  it  occasionally  during  the  day,  and  let  it  stand  over-night  to  settle. 
Pour  off  the  clear  liquor  w  the  morning  and  fill  up  the  vessel  with  water, 
to  wash  away  the  excess  of  acid.  When  the  water  is  again  clear,  pour 
it  off,  dry  the  soil  and  weigh  it— the  loss  will  amount  generally  to  about 
one  per  cent,  more  than  the  quantity  of  lime  present.  The  result  will 
be  sufficiently  near,  however,  for  the  purposes  of  classification.  If  the 
loss  exceed  5  grs.  from  100  of  the  dry  soil,  it  may  be  classed  among  the 
marls,  if  more  than  20  grs.  among  the  calcareous  soils. 

Lastly,  ve^euble  matter  is  sometimes  the  characteristic  of  a  soil, 
which  gives  nse  to  a  further  division  of 

9^.  Vegetable  moulds,  which  are  of  various  kinds,  from  the  garden 
mould,  which  contains  from  5  to  10  percent.,  to  the  peaty  soil, in  which 
the  organic  matter  may  amount  to  60  or  70.  These  soils  also  are  clayey, 
loamy,  or  sandy,  according  to  the  predominant  character  of  the  earthy 
admixtures. 

The  method  of  determining  the  amount  of  vegetable  matter  for  the 

Surposes  of  classification,  is  to  dry  the  soil  well  in  an  oven,  and  weigh 
;  then  to  heat  it  to  dull  redness  over  a  lamp  or  a  bright  fire  till  the 
combustible  matter  is  burned  away.  The  loss  on  again  weighing  is  the 
quantity  of  organic  matter. 

iStummary.— The  several  steps,  therefore,  to  be  taken  in  examining  a 
atn\  with  the  view  of  so  far  determining  its  constitution  as  to  be  able  pre- 
cisely to  name  and  classify  it,  will  be  1^  taken  in  the  following  order  :^ 

1°.  Weigh  100  grains  of  the  soil,  spread  them  in  a  thin  layer  upon 
white  paper,  and  place  them  for  some  hours  in  an  oven  or  other  hot 
place,  the  heat  of  which  may  be  raised  till  it  only  does  not  discolour  the 
paper.     The  loss  is  water. 

2'*'.  Let  it  now  (after  drying  and  weighing)  be  burned  aver  the  fire  as 
above  described.  The  second  loss  is  organic,  chiefly  vegetable  matter, 
with  a  little  water,  which  still  remained  in  the  soil  after  drying. 

3^«  Afier  bemg  thus  burned,  let  it  be  put  into  half  a  pint  of  water 
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with  hair  a  wine-glass  full  of  spirit  of  salt,  and  frequently  stirred. 
When  minute  bubbles  of  air  cease  to  rise  from  the  soil  on  settling,  tfaisi 
process  may  be  considered  as  at  an  end.  The  loss  by  this  treatment 
will  be  a  little  more  than  the  true  per  centage  of  lime,*  and  it  will  gen- 
erally be  nearer  the  truth  if  that  portion  of  soil  be  employed  which  has 
been  previously  heated  io  redness. 

4^.  A  fresh  portion  of  the  soil,  perhaps  200  grs.  in  its  moist  state,  may 
now  be  taken  and  washed  to  determine  the  quantity  of  siliceous  sand  it 
contains.  If  the  residual  sand  be  supposed  to  contain  calcareous  matter 
its  amount  may  readily  be  determined  by  treating  the  dried  sand  with 
diluted  muriatic  acid,  in  ihe  same  way  as  when  determining  the  whole 
amount  of  lime  (3°.)  contained  in  the  unwashed  soil.f 

Let  me  illustrate  this  by  an  example. 

ExampU.-^AXong  the  outcrop  of  some  of  the  upper  beds  of  the  green 
sand  in  Berkshire,  Wiltshire,  and  Hampshire,  and  probably  also  io 
Buckingham  and  Bedford,  occur  patches  of  a  loose  friable  grey  soil 
mixed  with  occasional  fragments  of  flint,  which  is  noted  for  producing 
excellent  crops  of  wheat  every  other  year.  It  is  known  in  the  valley  of 
Kingsclere,  at  Wantage,  and  Newbury.  I  select  a  portion  of  this  soil 
from  the  latter  locality  for  my  present  illustration. 

1^.  After  being  dried  in  the  air,  and  by  keeping  some  time  in  paper,  it 
was  exposed  for  some  hours  to  a  temperature  sufficient  to  give  the  white 
paper  below  it  a  scarcely  perceptible  tinge :  by  this  process  104^  gra. 
lost  4  ffrs. 

2°.  when  thus  dried,  it  was  heated  to  dull  redness.  It  first  black- 
ened, and  then  gradually  assumed  a  pale  brick  colour,  the  change,  of 
course,  beginning  at  the  edges.     The  loss  by  this  process  was  4|  grs. 

3°.  Afler  this  heating,  it  was  pot  into  half  a  pint  of  pure  rain  water 
with  half  a  wine-glass  full  of  spirit  of  salt.  After  some  hours,  when  the 
action  had  ceased,  the  soil  was  washed  and  dried  again  at  a  dull  red 
heat.    The  loss  amotmted  to  3  grs. 

The  soil,  therefore,  contained 

Water 4  grs. 

Organic  matter  (less  than)  •    •      4 J 
Carbonate  of  lime  (less  than)    .      3 
Clay  and  sand 93^ 

4°.  By  boiling  and  washing  with  water,  291  grs.  of  the  undried  soil 
left  202^  grs.  of  very  fine  sand  chiefly  siliceous, — 104 i,  therefore,  would 
have  left  73  grs.,  or  the  soil  contained  per  cent.— 

*  ▲  more  rlforooi  method  of  deteraUoiBg  the  lime  when  lees  Ihtn Spw  cent  will  ta 
f  ken  In  the  following  lecture. 

t  The  weiirhinge  for  the  purposee  here  deacrfbed  may  be  made  In  a  smaD  balaoee  with 
grain  weighia,  sold  by  the  drug glsia  for  6a.  or  6a.,  and  the  Tegetable  matter  may  be  bamed 
away  on  a  alip  of  aheei  Iron  or  In  an  untlnned  Iron  table-apoon  over  a  bright  cinder  or  char> 
coal  fire— care  being  taken  that  no  scale  of  oxide,  which  may  be  formed  on  the  tron,  be  al- 
lowed to  mix  with  the  soil  when  cold,  and  ihoa  to  increaae  its  weisht.  Thoae  who  are  |d- 
cUiied  IO  perform  the  latter  operation  more  neatly,  may  obtain  for  aboat  6a.  each— from  th« 
dealen  In  chemical  apparatiia— thin  light  platinum  capaulea  from  1  to  IX  inchea  in  dlame- 
ter.  capable  of  holding  100  gra  of  aolH-and  for  a  few  ahilUnn  more  a  spirit  lamp,  o««r 
which  the  vegetable  matter  of  the  aoU  vm,j  b«  bvnad  sway.  Wiih  cara,  one  of  ibcsa  lIBia 
eapaoka  wiU  serve  a  Ufe-Ume. 
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Water 3*9  per  cent 

Organic  matter  (less  than)    .    •  4*1 
Carbonate  of  lime  (less  tfauEin)    •      3-0 

CUy 19-0  X 

Sazid  (very  fine) 70.0 

lOO-O* 
This  soil,  therefore,  containing  70  per  cent*  of  sand,  separable  Ij 
decantation,  is  pj:operly  a  8€tndy  loam, 

^  A.  Of  the  distinguishing  characters  of  soils  and  subsoils. 

Beneath  the  immediate  surface  soil,  through  which  the  plough  makes 
its  way,  and  to  which  the  seed  is  entrusted,  lies  what  is  commonly  dis- 
tinguished by  the  name  of  subsoil.  This  subsoil  occasionally  consists 
of  a  mixture  of  the  general  constituents  of  soils  naturally  different  from 
that  which  forms  the  surface  layer— as  when  clay  above  has  a  sandy 
bed  below,  or  a  light  soil  on  the  surface  rests  on  a  retentive  clay  beneath. 

This,  however,  is  not  alwayjB  the  case.  The  peculiar  characters  of 
the  soil  and  subsoil  often  result  from  the  slow  operation  of  natural  causes. 

In  a  mass  of  loose  matter  of  considerable  depth,  spread  over  an  extent 
of  country,  it  is  easy  to  understand  how— even  though  originally  alike 
through  its  whole  mass— a  few  inches  at  the  surface  should  gradually 
acquire  difierent  physical  and  chemical  characters  from  the  rest,  and 
how  there  should  thus  be  gradually  establbhed  important  agricultural 
distinctions  between  the  first  12  or  16  inches  (the  soil),  the  next  15  (the 
subsoil),  and  the  remaining  body  of  the  mass,  which,  lying  still  lower, 
does  not  come  under  the  observation  of  the  practical  agnculturist. 

On  the  surface,  plants  grow  and  die.  Throngh  the  first  few  inches 
their  roots  penetrate,  and  in  the  same  the  dead  plants  are  buried.  This 
portion,  therefore,  by  degrees,  assumes  a  brown  colour,  more  or  less  dark, 
according  to  flie  quantity  of  vegetable  matter  which  has  been  permitted 
to  accumulate  in  it.  Into  the  subsoil,  however,  the  nx)t8  rarely  pene- 
trate, and  the  dead  plants  are  still  more  rarely  buried  at  so  great  a  depth. 
S'.ill  Ihis  inferior  layer  is  not  wholly  destitute  of  vegetable  or  other  or- 
ganic matter.  However  comparatively  impervious  it  may  be,  still  water 
makes  its  way  through  it,  more  or  less,  and  carries  down  soluble  orgame 
substances,  which  are  continually  in  the  act  of  being  produced  during  the 
decay  of  the  vegetable  matter  Wing  above.  Thus,  though  not  sensibly 
discoloured  by  an  admixture  of  decayed  roots  and  stems,  the  subsoil  in 
reality  contains  an  appreciable  quantity  of  organic  matter  which  may 
be  distinctly  estimated. 

Again,  the  continual  descent  of  the  rains  upon  the  surface  schI  washes 
down  the  carbonates  of  lime,  iron,  and  magnesia,  as  well  as  other  soluble 
earthy  substances— it  even,  by  degrees,  carries  down  the  fine  clay  also, 

*  Bome  of  these  Domben  diflfer  by  a  mfaaCe  firmetion  from  tboee  tn  the  preeeding  pafe : 
tide  is  bettoee  the^  are  calculated  from  the  more  eorreet  deoimal  fractiona  contained  In  mf 


.         „ UDcmw  ,        ^ 

weight  of  ofiganic  matter  preseoL  The  lime  ia  also  leaf  than  the  number  given,  because,  as 
slraadf  stated,  the  aeld  dIssolTss  a  little  ahunimas  weU  as  any  cartMoate  of  magDesfaiwIilcli 
SMfbei 
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80  as  gradually  to  establish  a  more  or  less  manifest  diflference  between 
the  upper  and-  lower  layers,  in  reference  even  to  the  earthy  ingredients 
which  they  respectively  contain. 

But,  except  in  the  case  of  very  porous  rocks  or  accumulations  of  earthy 
matter,  these  surface  waters  rarely  descend  to  any  great  depth,  and  hence 
after  sinking  through  a  variable  thickness  of  subsoil,  we  come,  in  gene- 
ral, to  earthy  layers,  in  which  little  vegetable  matter  can  be  detected, 
and  to  which  the  lime,  iron,  and  magnesia  of  the  superficial  covering 
has  never  been  able  to  descend.  • 

Thus  the  character  of  the  soil  is,  that  it  contains  more  brown  organic, 
chiefly  vegetable,  matter,  in  a  state  of  decay— of  the  «u6«ot2,  that  the  or- 
ganic matter  is  less  in  quantity  and  has  entered  ;t  chiefly  in  a  soluble 
state,  and  that  earthy  matters  are  present  in  it  which  have  been  washed 
out  of  the  superior  soil— and  of  the  subjacent  mass^  that  it  has  renuined 
nearly  unaffected  by  the  changes  which  vegetation,  culture,  and  atmoa> 
pheric  agents  have  produced  upon  the  portions  that  lie  above  it. 

From  what  is  here  stated,  the  effect  of  trench  and  subsoil  ploughing, 
in  altering  more  or  less  materially  the  proportions  of  the  earthy  constitu- 
ents in  the  surface  soil,  will  be  in  some  measure  apparent.  That  which 
the  long  acdon  of  rains  and  frosts  has  caused  to  sink  beyond  the  ordinary 
reach  of  the  plough  is,  by  such  methods,  brought  again  to  the  surface. 
When  the  substances  thus  brought  up  are  directly  beneficial  to  vegeta- 
tion or  are  fitted  to  improve  the  texture  of  the  soil,  its  fertility  is  increased. 
Where  the  contrary  is  the  case,  iu  productive  capabilities  may  for  a 
longer  or  a  shorter  period  be  manifestly  diminished. 

^5.  On  (he  general  origin  of  toils. 

On  many  parts  of  the  earth's  surface  the  naked  rocks  appear  over 
considerable  tracts  of  country,  without  any  covering  of  loose  mate- 
rials from  which  a  soil  can  be  formed.  This  is  especially  the  case  in 
mountainous  and  granitic  districts,  and  in  the  neighbourhood  of  active 
or  extinct  volcanoes,  where,  as  in  Sicily,  streams  of  naked  lava  stretch 
in  long  black  lines  amid  the  surrounding  verdure. 

But  over  the  greater  portion  of  our  islands  and  continents  the  rocks 
are  covered  by  accumulations,  more  or  less  deep,  of  loose  materials-^ 
sands,  gravels,  and  clays  chiefly — the  upper  layer  of  which  is  more  or 
less  susceptible  of  cultivation,  and  is  found  to  reward  the  exertions  of 
human  industry  with  crops  of  com  in  greater  or  less  abundance. 

This  superficial  covering  of  loose  materials  varies  from  a  few  inches  to 
one  or  two  hundred  feet  in  depth,  and  is  occasionally  observed  to  consist 
of  different  layers  or  beds,  placed  one  over  the  other--<such  as  a  bed  of 
clay  over  one  of  gravel  or  sand,  and  a  loamy  bed  under  or  over  both. 
In  such  cases  the  characterB  and  capabilities  of  the  soil  must  depend 
upon  which  of  these  layers  may  chance  to  be  uppermost — and  its  char- 
acter may  often  be  beneficially  altered  by  a  judicious  admixture  with 
portions  of  the  subjacent  layers. 

It  is  often  observed,  where  naked  rocks  present  themselves,  either  in 

cliffs  or  on  more  level  paru  of  the  earth,  that  the  action  of  the  rains  and 

frosts  causes  their  surfaces  gradually  to  shiver  off*,  crumble  down,  or 

wear  away-    Hence  at  the  base  of  ciiffk  loose  matter  collects— oo^ooia- 

'  paratively  level  surfaces  the  crumbling  of  the  rock  gradually  forols  asotl— 
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wbile  from  those  which  are  safficiently  ioclioed  the  raine  wash  away 
Ibe  looee  materials  as  soon  as  they  are  separated,  and  carry  them  down 
to  the  Tallies. 

The  sup^cial  accumulations  of  which  we  have  spoken,  as  covering 
the  rocks  in  many  places  to  a  depth  of  one  or  two  hundred  feet,  consist 
of  materials  thus  washed  down  or  otherwise  transported — by  water,  by 
winds,  or  by  other  geological  agents.  Mnch  of  these  heaps  of  transported 
matter  is  in  the  state  of  too  fine  a  powder  to  permit  us  to  say  from  whence 
it  has  been  derived — ^but  fragments  of  greater  or  less  size  are  always  to 
be  found,  even  among  the  clays  and  fine  sands,  which  are  sufficient  to 
pdnt  out  to  the  skilful  geologist  the  direction  from  which  the  whole  has 
been  brought,  and  often  the  very  rocks  from  which  the  entire  accumula- 
tioos  have  been  derived. 

Thus  the  general  conclusion  is  fairly  drawn,  that  the  earthy  matter  of 
all  soib  has  been  produced  by  the  gradual  decay,  degradation,  or  crumb* 
ling  down  of  previously  existing  rocks.     It  is  evident  therefore*- 

i^.  That  whenever  a  soil  rests  immediately  upon  the  rock  from  which 
it  has  been  derived,  it  may  be  expected  to  partake  more  or  less  of  the 
composition  and  characters  of  that  rock. 

2^.  That  where  the  soil  Ibrms  only  the  surface  layer  of  a  considerable 
depth  of  transported  materials,  it  may  have  no  relation  whatever  either 
in  mineralogical  characters  or  in  chemical  constitution  to  the  immedi* 
ately  subjacem  rocks. 

The  soils  of  Great  Britain  are  divisible  into  two  such  classes.  In 
some  counties  an  acquaintance  with  the  prevailing  rock  of  the  district 
enables  us  to  predict  the  general  characters  and  quality  of  the  soil ;  in 
others — and  nearly  all  our  coal  fields  are  in  this  case— the  general 
character  and  capabilities  of  the  soil  have  no  relation  whatever  to  the 
rocks  on  which  the  loose  materials  rest. 

§6.  On  the  general  $tnieiure  of  ike  ear^^M  crust,  i 
Beneath  the  soil,  and  the  loose  or  drilled  matters  on  which  it  rests,  we 
everywhere  find  the  solid  rock.  This  rock  in  most  countries  is  seen^ 
in  mines,  quarries,  and  cliSs— to  consist  of  beds  or  layers  c^  varied  thick- 
ness placed  one  over  the  other.  To  these  layers  geologists  give  the 
name  of  tlftUa^  and  hence  rocks  which  are  thus  made  up  of  many  se* 
parate  layers  are  called  stratified  rocks* 

Bot  in  seme  places  entire  mountain  masses  are  met  with,  in  which  no 
partiog  into  layers  or  beds  is  seen,  hot  which  appear  to  consist  of  one 
unbroken  rock  of  the  same  material  from  their  upper  surface  down- 
wards, and  often  as  far  beneath  as  we  have  been  able  to  penetrate  into 
the  earth.  .  Such  rocks  are  said  to  be  imstratyied.  Among  these  are 
included  the  granites,  the  trap,  green-stone,  or  basaltic  rocks,  and  the 
lavas.  Geoiqpsts  have  ascertained  that  all  these  unstratified  rocks  have, 
like  the  volcanic  lavas,  been  in  a  more  or  less  perfectly  melted  state- 
that  their  present  appearance  is  owing  to  the  action  of  fire— and  hence 
tbey  are  often  called  igvteous*  rocks.  They  often  also  exhibit  a  more  or 
less  crystalline  or  glassy  structure,  or  contain,  imbedded  in  them,  nu- 
merous regular  crystals  of  mineral  substances ;  hence  they  are  some- 
timet  called  also  crystaUine  rocks.    The  terms  igneous,  crystalline,  and 

*  Sometimes  n^yvfWioM,  pvodueed  bj  fire ;  but  tUs  is  an  nimiwetwrfly  hara  word. 
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unstratified,  therefore,  apply  to  the  same  class  of  rocks— the  fint  iodide 
ting  their  orijgrin,  the  secood  their  slroctore  in  the  small,  the  third  their 
structure  in  ike  latge^  as  distiogoished  from  that  of  the  rocks  which  occor 
in  beds. 

The  following  diagram  exhibits  the  general  appearaoce  of  the  stitOH 
fied  rocks  as  they  are  found  to  occur  in  contact  with  unsuatified  ] 
in  various  parts  of  the  globe  :— 


A  represents  an  unstratified  mountain  mass  or  other  similar  rock  rising 
op  through  the  stratified  deposits.  The  bending  up  of  the  edges  of  the 
latter  indicates  that  after  the  beds  were  deposited  in  a  nearly  level  posi* 
tion,  the  mass  A  was  intruded  or  forced  up  through  them,  carrying  tlm 
broken  edges  of  the  beds  along  with  it. 

B  shows  the  mofe  quiet  way  in  which  veins  or  dykes  of  unstratified 
ffreen-stone,  or  trap,  or  lava,  cut  through  the  beds  without  materially 
displacing  them^as  if  when  in  a  fluid  state  it  had  risen  up  and  filled  a 
previously  existing  crack  or  chasm.  In  Devonshire,  in  the  North  oT 
Scotland,  and  in  Ireland,  the  granite  rises  in  many  places  exactly  as  ia 
shown  at  A,  and  nearly  all  our  coal  fields  exhibit  in  their  whin  dykes 
numerous  illustrations  of  what  is  shown  at  B. 

C  and  D  exhibit  the  manner  in  which  the  strata  overlie  one  another 
in  neariy  a  horizontal  position— 1,  2,  3,  indicating  different  kinds  of  rock« 
—as  a  lime-stone,  a  sand-stone,  and  a  clay — which  aeain  are  subdivided 
into  beds  or  thinner  layers,  by  the  partings  exhibited  in  the  wood-cut. 

The  stratified  rocks  lie  sometimes  nearly  level  or  horizontal  over  large 
tracts  of  country— as  in  the  above  diAgram,*--sometimes  they  are  mora 
or  less  inclined  or  appear  to  dip  in  one  and  lo  rise  in  the  opposite  direo* 
tion — as  if  a  surface,  formerly  level,  had  been  pushed  down  at  like  one 
end  and  raised  up  at  the  other,-»aad  sometimes  tliey  seem  to  rest  emire* 
ly  upon  their  ed^es.  Upon  the  mode  in  which  they  thus  lie,  the  «4u/^ 
ndty  of  the  soil,  in  a  district  where  it  reposes  unmedialely  on  the  rocka 
from  which  it  is  derived,  is  materially  dependent.  In  the  folbwing  dia- 
gram the  surface  from  A  lo  £  jrefNre^eiits  a  trad  of  couotcy  ia  which  liia 


rocks  have  in  diflereiit  parts  these  diiferant  degrees  of  inclinatwn,  at  A 
vertical,  at  B  more  inclined,  and  from  C  to  £  nearly  horiaontal.  Now, 
it  is  obvious  that  if  the  outer  surface  of  these  several  rocks  crumble  and 
form  a  soil  which  rests  where  it  is  produced— then  the  quality  of  the  soil 
on  every  spot  will  be  determined  by  the  nature  of  tbp  rock  beneath* 
Hence,  in  proceeding  from  £  over  the  comparatively  level  strata,  wa 
shall  find  the  soil  pretty  uniform  in  quality  uU  we  come  to  the  edge  of 
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the  bed  D,  thence  it  will  again  be  unifonn,  though  perhaps  diflTerent  from 
the  former,  till  we  reach  the  stratum  C,  when  again  it  will  prove  uni* 
form  over  a  considerable  space  till  we  beein  to  clirab  the  bill  to  B.  So 
the  whole  bill-sjde  in  ascending  to  B  wiU  be  of  one  and  the  same  kind 
of  soil.  But  as  we  descend  on  the  otlier  side  and  pass  B,  we  get  upon 
the  edges  of  the  beds,  and  then  as  we  proceed  from  one  bed  to  anotber, 
the  quality  of  the  soil  may  vary  every  few  yards,  more  or  less,  ac- 
cording as  the  members  of  this  group  of  beds  are  more  or  less  difier- 
eat  from  each  other.  But  when  we  ascend  the  hill  to  A,  where  the 
beds,  besides  being  vertical,  are  also  very  thin,  the .  soil  may  change  at 
almost  every  step,  provided— which  is,  however,  rarely  the  case  among 
the  rocks  (slate  rocks)  which  occur  most  frequently  in  this  posilion^pro- 
vided  the  mineralogical  characters  of  the  several  vertical  layers  be  sen- 
sibly unlike.  Such  dissimilarities  in  the  angular  position  of  the  strata, 
as  are  represented  in  the  above  diagram,  are  of  constant  occurrence,  not 
only  in  our  blands,  but  in  all'parts  of  the  globe ;  and  they  illustrate  very 
clearly  ont  inf\portant  natural  cause  of  that  want  of  uniformity  in  the  na- 
ture and  capabilities  of  the  soil  which  is  more  or  less  observable  in  every 
undulating  andlo  some  comparatively  level  countries  also. 

It  may  be  stated,  as  the  general  result  of  an  extended  examination 
of  all  the  stratified  rocks  yet  known— ^at  they  consist  of  alternations  or 
admixtures  of  three  kinds  of  rock  only—- of  sand-stonest  of  lime-stones, 
and  of  clays.  The  sand-stones  are  of  various  degrees  of  solidity  and 
hardness,  from  the  loose  sand  of  some  parts  of  the  lower  new-red  and 
green-sand  formations,  to  the  almost  perfect  quartz  rock  not  unfreqnently 
associated  with  the  oldest  strata*  The  lime-stones  varyin  like  manner 
from  the  soft  chalk  to  the  hard  mountain  lime-stone  and  the  crystalline 
statuary  marble ;  while  the  clays  are  found  of  all  degrees  of  hardness 
from  that  of  the  London  and  Kimmeridge  clays,  which  soflen  in  water, 
to  that  of  the  roofing  slates  of  Cumberland  and  Wales,— 4ind  even  to 
that  of  the  gneiss  rocks  which  rest  immediately  upon  the  granite,  and 
which  appear  to  be  only  the  oldest  clays  altered  by  the  action  of  beat. 

But  the  stratified  rocks,  though  thus  distinguishable  into  three  main 
varieties — rarely  consist  of  any  one  of  these  substances  in  ao  unmixed 
slate.  The  sand-stones  not  .unfreqaently  contain  a  little  clay  or  liooe, 
while  the  lime-stones  and  clays  are  often  mixed  with  sand  and  with 
each  other. 

If  the  stratified. rocks  thus  consist  essentially  of  these  three  substances* 
the  soils  formed  from  them  by  natural  crumbling  or  decay  must  have  a 
similar  composition.  A  sandy  soil  will  be  formed  from  a  sand-stone,— 
a  calcareous  soil  from  a  lime-stone,— a  clay  from  a  slate  or  shale,— and 
from  a  mixed  rock,  a  soil  containing  a  mixture  of  two  or  more  of  these 
earthy  ingredients— in  proportions  which  will  depend  upon  the  relative, 
quantities  of  each  which  are  contained  in  the  ruck  from  which  they  have 
been  derived. 

§  7.  Relative  positions  andpccuUar  characters  of  the  several  strata. 

l^'.  The  several  strata,  or  series  of  strata,  which  present  tbemaelvea 
in  the  crust  of  the  globe,  always  maintain  the  same  relative  poeiiioDa. 
Thus  the  numbeia  3,  2, 1,  in  the  annexed  diagram,  repreaeot  three  aeries 
of  beds  known  by  the  namei  of  the  magnesian  lime-ttone,  the  lower  new- 
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red  Band-Stone,  and  the  coal-measures,  lying  over  each  other  in  tbeir 
natural  positions— the  Hroe-stone  uppermost,  the  sand-stone  next,  and 
the  coal  beneath  both.  Whenever  tiiese  three  rocks  are  met  with,  near 
each  other,  they  always  occupy  the  same  relative  position,  the  coal 
never  appears  above  this  lime-stone,  and  the  sand-stone,  if  present,  is 
always  between  the  two  other  series  of  beds.  The  same  is  true  of  every 
other  group  of  strata — the  order  in  which  they  are  placed  over  each  other 
is  universally  the  same. 

2^.  These  beds  are  generally  continuous  Rlso  over  very  large  areas— 
or  are  found  to  stretch,  without  interruption,  over  a  great  extent  of  coun- 
try. Hence  when  they  dip  beneath  other  beds,  as  they  are  seen  to  do 
in  the  above  diagriims,  we  can  still,  with  a  high  degree  of  probability, 
infer  their  presence  at  a  greater  or  less  depth,  wherever  we  observe  on 
the  surface  those  other  beds  which  are  known  usually  to  lie  immediate- 
ly above  them.  Thus,  if  in  a  tract  of  country  consisting  of  the  magne^ 
man  lime-stone  (3)  above-mentioned,  it  is  known  that  deep  vallies  occur, 
it  becomes  probable  that  the  soil  in  those  vallies  will  rest  upon,  and  may 
be  formed  tTom,  the  underlying  red  sand-stones  or  coal-measures ;  and 
that  it  will  therefore  possess  very  different  agricultural  capabilities  from 
the  soil  that  generally  prevails  around  it.  Or  in  chalk  districts,  beneath 
which  usaalN  lies  the  green -sand,  the  presence  of  a  deep  valley  cutting 
through  the  chalk  almost  necessarily  implies  in  the  hollow  a  very  differ- 
ent soil  from  that  which  is  cultivated  in  the  chalk  wolds  above.  This  is 
the  case  in  the  valley  of  Kingsclere,  where  the  peculiat  wheat  soil  oc- 
curs, of  which  an  approximate  analysis  has  been  given  in  page  234. 

3^.  It  has  been  already  stated  that  the  stratified  rocks,  though  so  very 
numerous  and  so  varied  ra  appearance,  yet  consist  generally  of  repeated 
alternations  of  Ume-stones,  sand-stones,  and  clays,  or  of  mixtures  of  two 
or  more  of  these  earthy  substances.  But  the  several  series  of  strata  are 
nevertheless  distinguished  from  each  other  by  peculiar  and  often  well- 
marked  characters. 

Thus  some  are  sofl,  crumble  readily,  and  soon  form  a  soil,— whfle 
otberi,  though  conmsting  of  the  same  ingredients,  long  refuse  to  break 
into  minute  fragments,  and  thus  condemn  the  surface  of  the  country 
where  they  occur  to  more  or  less  partial  barrenness. 

In  others,  again,  the  proportions  of  sand  or  lime  are  0b  varied,  from 
bed  to  bed,  that  the  character  of  the  mixture  in  each  is  entirely  different 
—so  that  while  one,  on  crumbling  down,  will  give  a  stiff*  clay,  another 
will  prodoce  a  loam,  and  a  third  a  sandy  marl. 

Or,  in  some  rocks  the  remains  of  vegetables  are  present  in  conddera- 
ble  quantity,— as  in  the  neighbourhood  of  our  coal-beds— or  the  bones  or 
shells  of  animals  in  greater  or  less  abundance,  by  each  of  which  the 
aipcultuFsl  characters  and  capabilities  of  the  soils  formed  from  them, 
will  be  more  or  less  extensively  affiwted. 

Or  lastly,  the  mixuire  of  other  earthy  sobstaaces  gives  a  pecoliar 
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character  to  maoy  rocks.  Thus  the  per-oxide  of  iron,  which  imparts 
their  red  colour  to  many  strata^os  to  the  red  sandstones— influences 
not  only  the  mineralogical  character  of  the  rock,  hut  also  the  quality  of 
the  soil  which  is  formed  by  its  decay.  In  like  manner  the  presence  of 
magnesia,  sometimes  in  large  quantity,  in  many  lime-stones,  produces 
an  important  modiBcatioo  in  the  chemical  constitution  and  mineralogical 
characters  of  the  rock,  as  well  as  in  its  relations  to  practical  agricultare. 

In  consequence  of  these  and  other  similar  causes  of  diversity,  if  not 
every  stratum,  at  least  every  series  of  strata,  exhibits  distinguishing  and 
characteristic  peculiarities,  by  means  of  which  it  may  be  more  or  less 
readily  recognized.  On  these  peculiarities  the  special  agricultural  ca- 
pabilities of  those  parts  of  the  globe  in  which  each  series  of  beds  occurs 
are  in  a  great  degree  dependent. 

4^.  This  peculiar  character  is  also  more  or  less  continuous  over  very  ^ 
large  areas.  Thus  if  a  given  stratum  be  found  on  the  surface  in  any 
]»art  of  England,  and 'again  in  any  part  of  Russia,  the  soil  formed  from 
that  bed  will  generally  exhibit  very  nearly  the  same  qualities  in  both 
countries.  A  knowledge  of  the  geology,  therefore, — that  is,  of  the  kind 
of  rock  which  appears  on  the  surface  in  every  part  of  a  country— ena- 
bles us  to  predict  generally  the  kind  of  soil  wtiich  ought  to  rest  upon  it, 
if  it  be  not  covered  by  foreign  accumulations ;  while,  on  the  other  hand, 
a  knowledge  of  the  agricultural  capabilities  of  any  one  district  in  which 
certain  rocks  are  known  to  lie  immediately  beneath  the  soil,  and  of  the 
agricultural  practice  suited  to  that  district,  will  indicate  the  probable  ca- 
pabilities of  any  other  tract  in  which  the  same  kind  of  nx:k  is  known  to 
apf)ear  on  the  surface,  and  of  the  kind  of  culture  which  may  be  most 
successfully  applied  to  it. 

It  is  evident,  then,  that  a  familiar  acquaintance  with  the  general 
characters  and  relative  positions-of  all  the  series  of  strata  that  have  hith- 
erto been  observed,  and  of  the  classification  of  rocks  considered  geologi- 
cally, to  which  this  knowledge  has  led,  must  be  fitted  to  throw  much 
light  upon  the  principles  of  a  general,  enlightened,  and  philosophical 
agriculture. 

§  8.  ClassificatUm  of  the  stratified  rocks,  their  extent,  and  the  agricullu- 
ral  relations  of  the  soils  derived  from  them. 

It  is  a  received  principle,  I  may  say  rather,  an  obvious  fact,  that  in 
the  crust  of  the  earth,  as  in  the  walls  of  a  building,  those  layers  which  lie 
lowest  or  undermost  have  been  first  deposited,  or  are  the  oldest.  In  re- 
ference to  this  their  relative  age,  the  stratified  rocks  are  divided  into  the 
|irimary,  the  first  deposited  and  most  ancient— the  secondary,  which  are 
next  in  order— and  the  tertiary,  which  overlie  both* 

These  three  series  of  strata  ar^  again  subdivided  into  systems,  and 
these  into  minor  groups,  called  yorma^ioiM,— the  several  members  of 
each  system  and  formation  having  such  a  common  resemblance,  either 
in  mineraloffical  character  or  in  the  kind  of  animal  and  vegetable  re 
mains  found  in  them,  as  to  show  that  they  were  deposited  under  very 
nearly  the  same  general  physical  conditions  of  the  globe. 

The  following  table  exhibits  the  names,  relative  positions,  thicknesses 
and  mineralo^cal  characters  of  the  stratified  rocks,  in  dee^nding  order 
as  they  occur  tn  our  islands.    The  annez«d  remarks  indicate  also  tha 
11 
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districts  where  each  of  these  groups  of  rocks  forms  the  surface,  and  tho 
general  agricultural  character  of  the  soils  that  rest  u]X)n  them. 

I.  Tertiart  Strata— characterized  by  contalDiog,  among  other  fiia- 
sils,  the  remains  of  animals,  which  are  identical  with  eidsting  species. 

NIMS  AXD  TBICKNB88.  MINSRALOGICXl  CRARACTBRS. 

1^.  Crag.  60  ft.  A  mass  of  rolled  pebbles  mixed  with 

marine  shells — resting  on  beds  of  sand 
and  sandy  lime-stone ;  die  whole  men 
or  less  impregnated  with  oxide  of  iron. 
Extent. — The  Crae  forms  a  stripe  of  land  a  few  miles  in  width  in  the  east- 
em  part  of  Norfolk  and  Suffolk,  ana  in  the  south-eastern  part  of  the  latter  coun- 
ty.   It  is  a  flat,  and  generally,  it  is  said,  a  fertile  arable  district 

2^.  Frah-^ioater  Marls.  100^2.  Marls  and  marly  lime-stones,  with 

fiesh-watcr  shells  divided  into  two  ae- 
ries by  an  estuary  deposit,  containthg 
marine  shells. 
Extent. — On  these  beds  reposes  the  soil  of  the  northern  half  of  the  lale  of 

Wight,,  the  only  part  of  England  in  which  they  appear  at  the  suiiace. 

3®.  London  day.    ^00  to  600  ft.  *      Stiff,  almost  impervious,  brown,  blue, 

and  blackish  clay,  rieh  in  marine  shells, 
and  containing  layers  of  lime-stone  no- 
dules. 
Extent. — The  ereater  part  of  the  county  of  Middlesex,  the  south-eastani 
half  of  Essex,  and  uie  southern  half  of  Hampshire,  rest  upon  the  London  Clay. 
Soil. — The  soil  is  naturally  strong,  heavy,  wet,  and  tenacious,  "sticking  to 
the  plouffh  like  pitch,"  and  shrinking  and  cracking  in  dry  weather.    Where  it 
is  mixed  with  sand,  it  fonns  a  fertile  loam ;  and  hence  Where  the  sand  of  the 
subjacent  plastie  clay  is  easily,  accessible,  it  may  readily  be  improved  by  ad- 
mixture.   Repeated  dressings  of  London  manure  convert  it  into  rich  meadow 
land,  and  even  where  this  cannot  be  obtained,  the  difficulty  and  expense  of  cul- 
ture have  caused  a  very  lar^e  portion  of  it  to  be  retained  in  pasture.    That 
which  is  under  culture  is  said  to  be  too  surdng  for  turnips  and  barley,  bat  to 
grow  excellent  crops  of  wheat  and  beans. 

4^.  Plastic  Clay.     300  to  400/2.         Alternating  beds  ofclay  and  sand,  of 

various  colours  and  thicknesses.    Soma 
of  the  beds  of  clay  are  pure  white,  and 
so  fine  as  to  be  used  for  making  pipea. 
Extent. — This  formation  surrounds  the  London  clay  with  an  indented,  gen- 
erally low,  and  flat  belt,  of  varyinc  breadth,  occupjring  a  large  soace  in  Hamp- 
slure  and  Dorset,  in  Essex,  Sufimk,  and  Norfolk, — stretching  along  the  nortn- 
em  part  of  Kent  and  Surrey,  and  throwing  out  arms  into  Berks,  Buckingham, 
end  Hertford. 

Soil. — The  soil  is  very  various,  the  alternate  beds  of  sand  and  clay  of  differ- 
«nt  qualities  producing  soils  of  the  most  unlike  (quality  often  within  very  short 
distances.  The  greatest  portion  of  this  tract  is  m  arable  culture,  hot  there  are 
extensive  heaths  and  wastes  in  Berks,  Hampshire,  and  Dorset. 

In  Norfolk  and  Suffolk,  where  the  lower  beds  of  this  sand  rest  upon  chalk, 
the  soil  is  readily  changed,  by  an  admixture  with  this  chalk,  into  a  good  sandy 
loam,  which  wiU  yield  large  crops  of  turnips,  bai-Iey,  and  wheat,  instead  of  tM 
heath  and  bent,  its  sole  original  produce.  This  chalking  is  ^erally  repealed 
once  in  8  yean,  at  an  expense  of  50s.  an  acre.  In  Hampslure  and  jSenwiire, 
the  same  method  is  adopted  with  great  success,  and  the  nch  crops  now  reaped 
floas  Hounslow  Heath  are  the  rosult  of  this  method  of  improvement. 
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II.  Tke  SaooHDAar  STmAVAr— contain  no  animal  remains  which 
can  be  ideaiified  with  eusting  apecies.  Those  which  are  found  in  them 
are  nearly  all  difierent  iiom  thoae  which  occur  either  in  the  tertiary 
atMnre  or  the  primary  strata  below. 

A.— <raaTMBo»  S¥anuL 
^^.  Ckaik.  eOOft.  The  Qt>perfwt  softer,  and  contain- 

ing layers  of  flints,  with  many  marine 
remains.    Below,  the  chalk  is  harder, 
and  towards  ^e  bottom  passes  into^ 
beds  of  mail— (chalk  marl), 
firrairr.— Theehalk  occqaes  a  very  large  area  in  the  somh-easteni  part  of 
the  island.    It  ibnas  a  broad  band  of  from  16  to  96  mMee  in  breadth,  ranning 
aoitli-east  and  aoath-west  from  the  extxeaM  sonth-westem  part  of  Dorset,  to 
Ilia  extreme  north  of  Noiiblk,-^t  there  tarns  nearly  at  a  right  angle,  into  the 
eentse  of  lineolnshire,  wheve  it  is  10  to  16  miles  in  breadth,  and  thetMeetrecehes 
into  Yorkshire,  in  the  sooth-eastsm  ^art  of  which  county  it  eorersa  large  area, 
aad  aboot  Ftamborouah  Head  atiams  a  breadth  of  96  miles.    In  passing 
throogh  Bericshire  and  Surrey,  it  is  partially  interrupted  by  the  plastic  day 
which  it  embtaees  on  eveiy  side;  and  aenee,  m  foUowuig  the  outline  of  this  for- 
matioii  it  encircles  with  a  broad  fringe  the  southeni  edges  of  Sussex  and  Surrey 
and  the  aerthem  borders  of  Kent 

Soil.— The  soils  formed  from  the  upper  chalk  are  all  more  or  less  nuxed 
with  tints,  and  they  produoe  naturally  a  very  short  but  exceUent  sheep  pasture. 
A  neat  portion  of  this  chalk-land  in  Dorset,  Wilts,  and  Berks,  has  been  ocott* 
fkA  as  a  sheep-walk  for  agee,  though  under  proper  cultrration  it  is  said  to  be 
sanvertible  into  good  arable  land  fwoduckig  oaxtey,  turnips,  wheat,  and  sain- 
foin. The  lower  chalk  eoib  (chalk  marl)  coiuist  of  a  deep,  strong,  calcareous 
pey  or  white  loam,  very  froducUvef  and  when  mixed  with  the  green  sand  be- 
bw  it,  becoming  still  richer,  more  friable,  and  more  productiye  of  every  kind  of 
erop.  It  is  better  suited  for  wheat  than  Uie  upper  ooalk,  but  is  less  aospted  Ifur 
tnraipa. 

The  porous  nature  of  the  chalk  renders  the  soil  Tsry  diT,  and  in  many  locali- 
liei  the  only  method  of  obtaining  a  sufficient  mxpplj  ol  water  is  by  forming 
ponds  to  catch  and  retain  the  rain-water. 

In  Norfolk  and  Suffolk,  on  the  Lincolnshire,  and  more  recently  on  the  York- 
shire Wolds,  ereat  improvement  has  been  effected  by  dressing  the  ehaUt-eoil 
with  fresh  chuk  brought  up  from  a  considerable  depth  below,  and  laid  on  at  the 
laie  of  60  to  80  cubic  yards  per  acre.  The  explanation  of  this  procedure  is  to 
be  found  in  the  fiict  above  elated,  that  the  lower  chalk  marls,  without  fUnu,  ppo- 
dnce  an  excellent  soil,  fitted  therefore,  by  admixture  with  the  poorer  upper-chalk 
aoQs,  for  materially  improving  their  quality.  It  is,  therefore,  only  in  localities 
where  this  lower  chalk  can  be  obtained,  that  the  above  method  of  improve- 
ment can  be  with  any  material  advantage  adopted.  This  is  proved  by  the 
practice  at  Sudbury,  in  Suffolk,  which  rests  upon  the  upper  beds,  where  it  is 
fimnd  to  be  more  profitable  to  import  the  lower  chalk  from  Kent,  to  lay  U|Km 
these  lands,  than  to  dress  them  with  sny  of  the  chalks  (only  upper  beds)  which 
ars  immediately  within  their  reach.* 

•^.  Orten  Sand.        600/1.  The  upper  beds  conrist  of  layers  of 

i  a  Upper,   lOO.  a  menisn  sand  or  sand-stone,  often 

I  Gaolt,    160.  chiOky.    The  gault  is  a  solid  compact 

c  Lower,  960.  Rmss  of  an  imperrious  blue  day,  some- 

times marly.    The  lower  grom  sand 
contains  a  series  of  ochrey  resting  on  a 

I  ebemlGSl  saslysli  of  ehsnMtMMte  ipeoiBMns  of  Ibsse  two  chilks  night  l«^ 
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feriM  of  mmiah  saiid^  strata.    TIkb 

whole  of  these  beds  are  m  manT  pUww 

luUoffiMsUs.  ^ 

ExTBNT.— The  Qteen  Sand  fomis  a  nanow  border  round  the  whole  of  Iks 

northern  and  western  edfie  of  the  chalk,  except  in  Yorkshire,  where  it  has  not 

as  yet  been  anywhere  <fiseovered  at  the  somee.    It  skirts  also  the  soatheni 

edge  of  the  chalk  in  Surrey  and  Kent,  and  its  eastern  boundary  in  HampshnSy 

where  it  attains  a  breadth  of  eight  or  ten  miles.    It  fonns  likewise  the  southern 

poftion  of  the  Isle  of  Wight 

Soil. — The  upper  bedSi  which  are  the  greenest  and  most  chalky,  form  aa 
open  friable  soil,  easily  woriced,  and  of  the  most  productive  character.  It  oon- 
sists  in  general  of  an  ezoeedinely  fine  sand,  mixed  with  more  or  less  of  elaj 
and  calcareous  matter  (see  anaTysis,  p.  334),  coloured  by  greenish  mins.  h  is 
rich  and  jpioductiYe  of  every  species  of  orap,  and  the  peculiar  ridness  of  this 
soil  has  been,  remaikad  not  only  i&  England  but  also  in  the  United  Stalea  of 
North  America.  In  some  parts  of  Bedfordshire  the  soils  of  this  formation  fijna 
the  most  productive  garden  lands  in  the  kingdom.  In  other  localitiea»  a^aiii, 
where  the  soil  is  formed  from  layen  of  black  or  of  white  silveiy  sand,  il  prodt- 
oes  naturally  nothing  but  heath. 

The  impervious  eauU  clay  fonns  in  Cambridge  and  Huntingdon  "atluB, 
cold  clay  soU,  which,  when  wet,  becomes  as  sticky  as  glue,  is  most  ezpensivs 
to  cultivate  as  arable  land,  and  naturally  produees  a  poor,  coarse  pastura." 
Much  of  this  tract,  thoitfh  unenclosed,  is  3ret  generally  in  arable  cnltura,  under 
two  crofM  and  a  naked  mllow— the  enclosed  parts  are  chiefly  in  pasture,  aad 
yield  a  rich  herbage. 

The  lower  men-sand  presents  itself  over  a  comparatively  small  surflw^ 
is  in  some  ibc^ities  (Sussex)  laden  with  iron  ochre,  and  is  there  nsioially  «i- 
productive. 

B.— Oouno  Ststbm. 

7°.  Wetddtn*  9&0JL  The  upper  part  consists  of  a  fifosh- 

a  Weald  Clay,  900.       water  deposit  of  brown,  blue,  or  fiiwn- 

b  Hastings  Sluid,        400.       coloured  clay,  often  roaiiy  and  almost 

'     c  Purbeck  lime-stone,  960.       always  close  and  unpmious  to  water. 

Beneath  this  are  the  iron  or  ochivy 
Hastings  tends,  which  again  rest  upou 
the  Ehirbeck  beds  of  alternate  fi«8h-wa> 
ter  lime-stones  and  marls. 
ExTBKT. — Tlie  Wealden  rocks  appear  at  the  surfiu^  only  in  Sussex  and 
Kent,  of  which  they  form  the  entire  central  portion. 

Soil.— The  soil  formed  from  the  Weald  Clay  is  fine  mined  and  unctuous— 
often  pale  coloured,  and  contMning  much  fine  grained  silieeous  sand.  It  forms  a 
paste  which  dries  and  hardens  almost  like  a  brick,  so  that  the  roots  of  plants 
cannot  penetrate  it  From  the  expense  of  cultivating  such  land,  much  of  it 
is  in  wood  (TUgate  Forest),  and  some  is  in  poor  wet  pasture.  On  the  whola 
of  this  tract,  therefore,  there  is  much  room  for  improvement.  The  Hastings  , 
sands  produce  a  poor  brown  sandy  loam  which  naturally  yields  onlr  heath  and 
bcttsh-wood.  Much  of  this  soil  w  in  pasture,  but,  imderproper  cultivation^  it 
yields  good  crops  of  all  kinds.  Where  the  ruins  of  the  Purbeck  maris  are  m* 
termixed  with  it,  the  soil  is  of  a  superior  quality. 

8^.   Upper  OoLiU,        600  Jl.  The  upper  part  of  this  formation  oo» 

a  Portland  Beds,        100.  nete  of  the  oolite*  limestones  and  ea^ 

b  KimmeiidgeClay.  500.  careous  sand-stones  long  woiked  A 

^  Pordand^the  lower  of  &e  blue  lialf 

beosuBStbeyeoMistofMUill^^^epedgrHUilai,  llkstbsioearaislk 
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oar  grayuh,  oAen  oaleanooi  and  bilu* 
minoui  b«ds  of  tlw  Kiimneridge  clay. 

ErnBMT.— The  Upper  Oolite  fons  noith-eaat  along  the  northern  edge  of 
tte  green  aand,  from  the  western  extremity  of  Dorset  to  the  extreioe  north  of 
Ifonolk.  It  ]&  in  general  only  3  or  3  mueB,  but  in  a  lew  places  expands  to 
6  or  8  mileB  in  breadth.  It  appears  again  on  the  western  edge  of  the  gieen 
aand  in  Lineolnshire,  and  in  i  oiicshire  forma  a  stripe  5  or  6  miles  in  brnidA, 
which  crosses  the  country  from  Hehnsley  to  Filey  Bay.  In  the  Isle  of  Port- 
land also  it  is  found,  and  it  stretches  in  a  narrow  stripe  along  pan  of  the  south 
ooast  of  Dorset. 

8oii«. — The  soil  from  the  Portland  rocks,  in  oonsequenoe  of  the  preyalenoe 
of  siliceous  and  the  absence  of  clayey  matter,  produces  naturally,  or  when  laid 
down  to  erass,  only  a  poor  and  benty  heibi^  Its  loose  and  sandy  nature 
makes  it  also  Ytrv  dieap  to  woik^  and  hence  it  is  chiefly  in  arable  culture.  It 
is  eaaity  affected  by  drought,  but  m  damp  seasons  it  produoes  abundant  crops 

eqfieciaUy  in  those  parts  where  the  soil  is  naturally  mixed  with  the  detritus 
of  &e  overAying  Hastnigs  sand,  and  of  the  calcareous  Purbeck  beds. 

The  Kimmeridge  clay  forms  a  tough,  greyish,  impervious,^  often  however 
toy  calcareous  sou  and  subsoil.  From  the  mffieulty  of  working  it,  much  of 
Ihe  stnfeoe  over  which  tins  formation  extends  is  laid  down  to  grass,  and  the  old 
pasture  land  affords  excellent  herbage.  The  celebrated  pasture  lanos  of  the  vale 
of  North  Wilts  rests  partly  on  this  day.  The  relative  thicknesses  of  the  Portland 
beds  and  the  Kimmeridce  clay  will  readily  account  for  the  &ct  of  this  clay  be- 
ing spread  over  by  &r  the  greatest  part  of  the  area  occupied  by  this  formation. 
In  YoriDshire,  clay  of  a  great  thidmess  is  the  only  member  of  this  series  that 
has  hitherto  been  observed.  On  this,  as  well  as  on  the  subjacent  Oxford  day, 
die  judicious  investment  of  capital  mi^  produce  a  much  grteter  annual  breadth 
of  com. 

9^.  JIBddk  OoUU.      500  ft.  The  uppermost  bed  in  this  formatioa 

Upper  Calcareous  Grit,  )  is  a  sand-stone  containing  a  consider- 

Coral  Rag,  >  100.     able  quantity  of  lime—next  is  a  coral- 

Calcareous  Ghrit,  S  ^^  lune^stone  (coral  rag)  resting  upon 

Oxford  Clay,  )  other  sand-stones,  which  contain  much 

Kelloways  Rock,  >  400.     i>n>«  hi  their  upper  and  little  or  none  in 

Blue  Clay,  )  their  lower  beds.    Bdow  these  is  an 

enormous  deposit  of  adhesive  tenadous 
dark  blue  clay,  frequently  calcareous 
and  bituminous,  and  towards  the  lower 
part  containing  irregular  beds  of  sand- 
stones and  Iime-stone8(Kelloway8n>ck) 
beneath  which  the  clay  again  recurs. 
EzTBMT.— The  middle  adjoins  the  upper  oolite  on  the  north  and  west— ae- 
companjring  it  from  the  extremi^r  of  Dorset,  into  WiUs,  Oxford,  Huntingdon, 
linci^shire^  and  Yorkshire.    Until  it  reaches  Huntin^on,  it  rarely  exceeds 
6  or  8  miles  m  width,  but  in  this  county  and  in  Lincohi  it  expands  to  a  width 
of  nearly  90  miles.    In  Yoricshire  it  neariy  surrounds  the  upper  oolite,  and 
on  the  northern  border  of  the  latter  formation  attains  a  widtn  from  north  to 
aoi^  of  6  or  8  miles. 

Soil.— The  higher  beds  of  both  the  upper  and  lower  calcareous  grits  produoe 
good  land.  They  coiuain  Ume  intenmng^ed  with  the  other  materials  of  the 
siheeous  sand-stone.  The  upper  calcareous  erits  are  no  doubt  improved  by 
dwir  proximity  to  the  Kimmeniupe  clay  above  uem,  while  the  lower  calcareous 
'\  is  in  like  manner  benefitted  by  the  time  of  the  super-incumbent  coral  rag. 
I  under  beds  of  both  groups  are  the  more  gritty,  and  form  a  poor,  barren, 

jMt  worthless  soil,  much  of  which  jn  Yorl^nirs  is  still  unreclaimed. 

Upon  the  hills  of  iha  coral  rag  itself  occurs  the  best  pastun  which  is  met  with 
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in'  that  pait  of  the  North  Itiding  of  Yorinhire  througli  iHkich  this 
eztefidfl. 

The  Oxford  clay,  which  ia  by  fiur  the  most  importaot  meniber  of  this  form«- 
tion,  and  forfns  the  surface  OTor  by  far  the  largest  portion  ot  the  area>  occupied 
bj^  it^produces  a  dose,  heaTy,  compact  clay  aoil,'di£cult  to  woik,  and  wnich 
is  one  of  the  most  ezpoiBiTe  of  alt  the  clays  to  enltivate.  This  is  especwdly 
the  case  in  Bedford,  Huntingdon,  Northampton,  and  lincohl,  in  whicn  coun- 
ties, neTeriheless,  a  conaider&le  extent  of  it  is  under  the  plou^  In  Wilts, 
Oitford,  and  GlOooester,  it  is  chiefly  in  pasture,  and  as  over  these  districts  it  as- 
sumes the  character  rather  of  a  clayey  loam,  the  herbage  is  thick  and  luxuriant 
The  impenrious  nature  of  this  clay  naa  caused  the  stagnation  of  water  upon 
its  lower  lying  portions,  the  consequent  accumulation  of  vegetable  maUer,  and 
the  formation  of  bogs.  The  extensive  fens  of  lancoln,  P^^orthampton,  Hunt- 
ingdon, Cambridge,  and  NorfoQc,  rest  upon  the  Oxford  clay.  This  tract  of 
fenny  country  is  70  miles  in  lengith,  and  about  10  m  average  breadth.  When 
drained  and  covered  with  the  clay  from  beneath,  it  is  capable  of  beine  converted 
into  a  most  productive  soil.  In  Xincolnshire,  there  are  about  a  mulion  acres 
of  fen,  which  have  their  drainage  into  the  Wash,  about  50,000  of  which  are  at 
present  irreetaimable,  on  account  of  the  state  of  the  oudet 

In  the  neighbourhood  of  the  Kelloways  rock  the  clay  becomes  more  loamj 
and  leas  difficult  to  work. 

Beth  in  Yoikshire  and  in  the  southern  districts,  the  Oxford  clay  b  found  to 
favour  the  growth  of  the  oak,  and  hence  it  is  often  distinguished  by  the  nano 
oifih%  oak  tree  day, 

10^.  Inferior  (Mite.     600  yi.  Thin,  impwe,  rubbly  beds  of  shdiy 

a  Combrash,  30.         lime-stone  toim  the  upper  part  of  this 

^  Forest  Marble,  50.*  series.  These  rest  upon  alternate  beds 
c  Bradford  Cky,  50.  of  oolitic  shelly  lime-stone  and  sand* 
d  Bath  Oolite,  190,         atone,  mors  or  less  calcareous,  haviiv 

#  Fullei's  Earth,        140.         paMings  of  clay;  these  again  upon  beds 
/  Inferior  Oolite,     1  ^^i         of  blue  raariy  clay,  immediately  under 
^  CaltisieoasSsiid,  {       '        which  ai«  the  thidt  beds  of  fte  nghtroo- 
loured  oolite  lime-stone  of  Bath.    Be- 
neath tfiese  follow  odier  beds  of  bhn 
day,  with  Fuller's  earth,  based  upon 
another  oolitic  lime-stone,  which  is  fol- 
lowed by  slightly  calcareous  sands.  . 
fizTKMT. — This  fonnadon  commences  also  at  the  aouth-westem  extremity  of 
I>orset,  and  runs  north-eaSt,  swelling  out,  here  and  there,  and  in  Gloucester, 
Oxford,  and  Northampton  attaining  a  width  of  15  to  90  milea    It  occupies 
nearly  the  whole  of  these  three  counties,  covers  almost  the  entire  area  of  Kui> 
land,  a  large  portion  ^the  north-east  of  Leicester,  and  then,  in  a  narrow  stripe, 
stretches  norm  through  lincoln,  and  disappears  at  the  Humber.     It  appear* 
again  in  the  North  Riding  of  Yorkshire,  SKirtirig  the  outer  edge  of  the  imddle 
oolite,  on  the  north  of  which  it  attairts  a  breaoui  of  15  miles,  and  stretches 
across,  with  little  interruption,  ftom  near  Thirsk  to  the  North  sea.    A  small 
patch  of  it  appears  farther  norm,  on  the  south-eastern  coast  of  Sutherland,  and 
on  the  east  and  south  of  the  Isle  of  Sky. 

Soil. — It  wiU  be  understood  from  what  has  been  already  stated  in  reference 
to  other  formations,  that  one  which  contains  so  many  diiTerent  rocks,  as  this 
does,  must  also  present  many  diversities  of  soO.  Where  the  upper  beds  come 
to  the  surface,  the  clay-partings  me  the  diaracter  to  the  soil— forming  a  calca- 


reons  clay,  which,  when  dry  or  drained,  is  of  good  quality.  In  other  places  it 
Ibrms  a  dose  adhesive  clay,  which  is  naturally  almost  ptenlf".  The  Bath  oolite 
weathers  and  crumbles  readily.  The  soil  upon  it  is  thin,  loose,  tind  dry.  The 
lock  is  ftiU  of  veitiosl  IbsoMs,  which  esny  oif  the  water  and  dndn  its  snithcsw 
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Wlien  liree  from  flBgraents  of  the  rock,  the  soil  is  often  dose  and  impervious^ 
and,  though  of  a  brown  colour,  deep,  and  apparently  of  good  quality,  it  is  really 
woithlesa,  or,  as  the  farmers  call  it,  dead  and  sleepy.  Most  of  this  land,  how- 
ever, is  in  arable  cultivation.  The  heavy  soils,  which  rest  on  the  clay  contain- 
in^Fuller's  earth,  are  chiefly  in  pasture. 

The  inferior  oolite  varies  much  in  its  chanicter^  containing,  in  some  places, 
much  lime-stone,  while  in  others,  as  in  Yorkshire,  it  forms  a  thick  mass  or  sand- 
stones and  clays,  with  occasional  thin  beds  of  coal.  In  Gloucester,  Oxford, 
Northampton,  and  Rutland,  these  lower  beds  form  a  tract  of  land  about  l9  miles 
in  width.  The  soil  is  generally  soft,  sandy,  micaceous,  of  a  brown  colour,  and 
of  a  good  fertile  quaUty.  It  is  deep,  contams  many  fraj^ments  of  the  subjacent 
roek,  is  porous,  and  easily  worked.  Where  the  sand-stones  prevail,  it  is  of  in- 
ferior quality.  In  these  counties  it  is  principally  enclosed,  ana  in  arable  culture, 
the  sides  of  the  oolitic  hills  and  the  clayey  portions  being  in  pasture.  In  York- 
shire, much  of  the  unproductive  moor  land  of  the  North  Riding  rests  upon  this 
fimnation.  Nearly  all  the  arable  land  in  the  county  of  Sutherland  rests  on  the 
narrow  stripe  of  tne  lower  oolite  rocks  which  occurs  on  its  south-east  coast. 
The  debris  of  these  rocks  has  formed  a  loamy  soil,  which,  when  w^  limed, 
produces  heavy  crops  of  turnips. 

1 1^.  Lias.  600  to  lOQO/t.  This  great  deposit  consists  chiefly  of 

an  accumulation  of  beds  of  blue  cla^, 

more  or  less  indurated — interrupted  m 

various  places  by  beds  of  marl,  and  of 

blue,  more  or  less  earthy,  lime-stones, 

which  especially  abound  in  the  lowef 

part  of  the  series.     The  whole  is  iUll  of 

shells,  and  of  the  remains  of  large  ex« 

tinct  animals. 

ExTENT.--Wherever  the  lower  oolites  are  to  be  traced  in  England,  the  lias 

is  seen  coming  up  to  the  sur&ce  on  its  northern  or  western  edge,  pursuing  an 

exceedingly  tortuous  north-eastern  course,  throwing  out  in  its  course  many 

arms  (outuers),  and  varying  in  breadth  from  2  to  6  or  10  miles.    It  may  be 

traced  from  the  mouth  of  the  Tees,  in  Yorkshire,  to  Lyme  Regis,  in  Dorset,  the 

continuity  being  broken  only  by  the  coal  field  of  Somerset    In  Scotland  and 

Ireland  no  traces  of  this  formation  have  yet  been  detected. 

Soil. — Throughout  the  whole  of  this  formation  the  soil  is  a  blue  clay,  mors 
or  less  sandy,  ciacareous,  and  tenacious.  Where  the  lime  or  sand  prevails  the 
soil  is  more  open,  and  becomes  a  loam ;  where  diey  are  less  abundant,  it  is  of^ 
ten  a  cold,  blue,  unproductive,  wet  clay.  This  latter,  indeed,  may  be  given  as 
the  natural  character  of  the  entire  formation.  Where  it  rests  upon  a  gravelly 
or  open  subsoil,  or  contains  a  large  quantity  of  vegetable  matter,  it  may  bo 
cultivated  to  advantage,  and  it  is  found  especially  to  produce  good  herbage.  In 
■11  situations,  it  is  an  expensive  soil  to  work,  ana  hence  by  far  the  greater  por- 
tion of  it  is  in  old  pasture.  The  celebrated  dairy  districts  of  Somerset,  Glou- 
ceeter,  Warwick,  and  Leicester,  rest  for  the  most  part  on  the  lias,  as  does  also 
much  of  the  best  grazine  and  pasture  land  in  Nottingham  and  Yorkshire. 
Through  the  long  lapse  of  time  an  artificial  soil  has  been  produced  on  the  un- 
disturbed surfece  of  these  clay  districts,  which  is  peculiarly  propitious  to  the 
growth  of  eraas.  With  skilful  drainage  and  judicious  culture,  it  is  capable  of 
producing  heavy  crops  of  wheat 

C. — ^New  Red  Sand-stone  System. 
12®.   Upper  and  Lower  )  -a/v  a  The  upper  and  lower  red  sand-stones 

tUdSand-stanes*  \         •'  consist  of  alternate  layers  of  sand,  sand- 

stones, and  marls  sometimes  colourless, 
but^enerally  of  a  red  colour — sprinkled 
in  tho  upper  series  with  firequent  gresa 


248  FEKTILB  KA&Lf  OF  THC  NEW  WLKO  8A1CD-8TOIIK. 

spots.  The  lower  beds  an  sometimes 
full  of  rolled  pebbles.  Few  of  the  sand- 
stones of  this  foimation  are  svfficientlT 
hard  toform  building  stones^many  of 
the  layers  consist  of  loose  finable  sand, 
and  the  maris  uniTersallv  decay  ana 
crumble  to  a  fine  red  powder  under  the 
influence  of  the  weather. 

ErrBirr.— The  new  red  sand-stone  extends  over  a  laigerportion  of  the  sni&oe 
of  England  than  anv  other  formation.  It  commences  at  Toibay,  in  the  south 
of  Devon,  runs  north-east  into  Somersetshire ;  from  Bristol  ascends  both  sides 
of  the  Serem,  aceompanies  it  into  the  vale  of  Gloucester,  stretches  along  the 
base  of  the  MalTem  niUs,  and  north  of  tlie  city  <^  Worcester  expands  into  a 
pntl^  undulating  plain,  nearly  80  miles  in  width  at  its  broadest  mirt,  compve- 
nendmg  nearly  the  whole  of  the  counties  of  Warwick  and  Stanord  and  thn 
greater  part  of  that  of  Leicester.  From  this  central  plain  it  parts  into  two  di- 
visions. One  of  these  runs  west  over  the  whole  of  Che8hire->(in  which 
county  it  contains  salt  springs  and  mines  of  rock  salt) — the  western  part  of 
Hint,  and  on  the  south-west  surrounds  the  county  of  Lancashire.  It  is  there 
interrupted  by  the  rising  of  the  older  rocks  in  Westmoreland,  but  le-appeara  in 
the  eastern  comer  of  this  county,  runs  north-west  through  Cumberland,  form- 
ing the  plain  of  Carlisle — and  tnence  round  and  across  the  Solway  Frith  till  it 
finally  aisappears  about  20  miles  north  of  Dumfiries.  The  other  arm,  proceed- 
ing from  the  towns  of  Derby  and  Nottingham,  runs  due  north  through  Nottinfl;>« 
ham  and  the  centre  of  Yorkshire,  skirting  the  outer  edge  of  the  lias,  and  finally 
disappears  in  the  county  of  Durham  to  the  north  of  the  river  Tees.  The  south- 
ern |>ortion  of  this  arm  has  a  width  of  20  to  30  miles,  until  it  reaches  the  neigh- 
bourhood of  Knaresborough,  where  it  suddenly  contracts  to  6  or  8,  and  does 
not  again  expand  to  more  than  10  or  12  miles. 

North  of  Dumfries-shire  these  rocks  are  not  known  to  occur  in  our  island. 
In  the  north-east  of  Ireland  they  form  a  stripe  of  land  a  few  miles  in  wid^,  run- 
ning from  Lough  Foyle  to  Lough  Neagh,  and  thence,  with  sl^ht  interruptions, 
to  tlie  south  of  Belfast. 

Soil.— These  rocks,  by  their  decay,  almost  always  produce  a  deep  red 
soil.  Where  the  red  clay  and  marl  predominate,  this  soil  is  a  red  clay  or 
clayey  loam  of  the  richest' quality,  capaole  of  producing  almost  every  crop,  and 
remufkable  therefore  for  its  fertility.  It  is  chiefly  in  arable  culture,  oeciiuse  of 
the  comparative  ease  with  which  it  is  worked,  but  the  meadows  are  rich,  and 
produce  good  herbage.  Where  the  rocks  are  more  sandy,  and  contain  few 
marl  V  bands,  the  soil  produced  is  poorer,  yet  generally  forms  a  good  sandy  loam, 
suitable  for  turnips  and  barley. 

In  Devonshire,  as  in  the  vale  of  Taunton  and  other  localities,  where  the  lias 
and  the  red  sand-stone  adjoin  each  other,  or  ran  side  by  side,  the  difference  in 
the  fertility  and  general  productiveness  of  the  two  tracts  is  very  striking.  On 
the  former,  as  already  observed,  good  old  grass  land  is  seen,  but  the  arable  land 
on  the  latter  produces  the  richest  and  most  luxuriant  crops  to  be  seen  on  any 
soil  in  the  kin^om.  In  this  county,  and  in  Somerset,  the  only  manure  it  seems 
to  require  is  lune,  on  every  repetition  of  which  it  is  said  to  produce  increased 
crops.  The  same  remarks  as  to  its  comparative  fertility,  apply  with  more  or 
less  force  to  the  whole  of  the  lai^  area  occupied  by  this  formation  in  our  island 
— wherever  the  soil  has  been  chiefly  formed  by  the  decomi)osition  of  the  rock 
on  which  it  rests.  In  some  localities  (Dumfries-shire)  tiie  miawefluSf  marly 
rock  is  duF  up,  and,  after  being  crumbled  by  exposure  to  a  winter's  firost,  is  laid 
on  with  advantage  as  a  top-drossing  to  grass  and  other  lands. 

In  the  sonUi  of  Lancashire,  and  along  its  western  coast,  and  on  the  shorn  of 
the  Solway,  in  Dumfries-shire,  a  great  breadth  of  this  formation  is  covered  with 
peat. 
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13^.  Magnerian  jAmf-itotu.  Th»  m«gnc«Min  lime-itone  it  gene* 

nlly  of  a  yeUow,  aometlmei  of  a  f^rey, 
eolour.  In  the  upper  part  it  occasion- 
ally preoenta  itaelr  in  thin  beds,  which 
crumble  more  readily  when  exposed  to 
the  air.  f  n  some  places,  also,  it  assumes 
a  marly  character,  forming  masses 
which  are  soft  akid  friable ;  in  geoeraL 
howeveTi  it  is  in  thick  beds,  haxd  ana 
compact  enough  to  be  used  for  a  build- 
ing stone  or  for  mending  the  roads.  The 
quantity  of  carbonate  of  magnesia  it 
contains  Taries  from  1  to  45  per  cent. 
It  is  in  the  north  of  England  generally 
traversed  by  vertical  fissures,  which  ren- 
der the  suruce  dry,  and  make  water  in 
many  places  dii&cult  to  be  attained. 
&miiT.-»The  magfustan  Ume'Slcne  stretcKes  m  an  ahnost  unbroken  line 
nearly  due  north  from  the  city  of  Nottingham  to  the  mouth  of  the  river  Tyne* 
It  is  in  geneint  only  a  few  miles  in  width,  its  principal  expansion  being  in  the 
county  of  Durham,  where  it  attains  a  breadth  of  8  or  10  miles. 

Soil. — It  forms,  for  the  most  part,  a  hilly  country,  covert  by  a  reddish 
brown  soil,  often  Uiin,  light  and  poor,  where  it  rests  immediately  on  the  native 
rock-^producing  indifferent  herbage  when  laid  down  to  grass,  but  under  skilful 
management  capable  of  yielding  average  crops  of  turnips  and  barley.  In  the 
eastern  part  of  the  county  of  Durham  tracts  of  the  poorest  land  rest  upon  this 
rock,  but  as  this  formation  is  for  the  most  part  cotered  with  deep  accumulations 
of  transported  materials — ^the  quality  of  tlie  soil  is  in  very  many  places  more 
dependent  upon  the  character  of  this  superficial  covering  than  upon  the  nature 
of  the  rock  beneath. 

During  the  slow  degradation  of  this  rock,  the  rains  gradually  wash  out  great 
part  of  tlu;  magnesia  it  contains,  so  that  it  seldom  happens  that  the  soil  formed 
ftom  itj  though  resting  on  the  parent  rock,  contains  so  much  magnesia  as  to  be 
necessarily  mirtlUl  to  vegetation. 

D.— <!;aebokiferov8  System. 

14®.  Coal  MeasureM,      300 yi.  Consisting  of  alternate  beds  of  indu- 

rated bluish-black  clay  (coal  shale),^ 
siliceous  sand-stone  generally  grey  m 
eolour  and  containing  imbedded  plants, 
and  of  coal  of  various  qualities  and  de- 
grees of  thickness.    Beds  of  lime-stone 
rarely  appear  in  this  formation  till  we 
approacn  the  lowest  part  of  the  series. 
£zTX]iT.-~Foitiuuitely  for  the  mineral  resources  of  Great  Britain,  the  coal 
MWiamirrs  occupy  a  large  area  in  our  island.    Most  of  the  districts  in  which 
tbey  occur  aie  so  well  known  as  to  require  only  to  be  indicated.    The  south 
Welsh  coal-field  occupies  the  south  of  Pembroke,  neariy  the  whole  of  Glamor- 
guk^  and  part  of  Monmouth-shire.    In  the  north  of  Somerset  are  the  coal  mea- 
■aras  of  the  Bristol  fieki,  which  stretch  also  across  the  Severn  into  the  forest  of 
Dean.    In  the  middle  of  the  oentralplain  of  the  new  red  sand-ftone,  lie  the  coal- 
Mds  of  Ashby-de-la-ZoUch.  of  Coventry,  and  Dudley,  and  on  its  western 
borders  are  those  of  Shrcpshure.  Denbigh,  and  FUnt  (North  Wales).    To  the 
north  of  this  plain  eztenos  on  the  right  the  Yorkshire  coal-field  from  Notting- 
ham to  Leeds,  while  on  the  left  is  the  small  coal-field  of  Newcastle-under-LinsL 
•ad  the  broader  Lancashire  field  which  crosses  the  country  from  near  Liverpool 
W  liaadMHer.    AlmoAthe  entiia  eiMim  half  of  the  county  of  Duriiam,  aad^ 
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of  the  low  eoantry  of  Northumbertandlf  u  corered  with  tbeae  messvTM  4iiit 
the  largeflt  area  covered  by  these  rocka  ia  in  that  part  of  the  low  country  of 
{Scotland  which  extends  in  a  north-easteriy  direction  fVom  the  west  coast  of 
Ayrshire  to  the  eastern  coast  of  Fife.  They  there  form  a  broad  band,  haTing 
an  average  breadth  of  90  miles,  interrupted  often  by  trap  or  green-stone  rodu, 
yet  lying  immediately  beneath  the  loose  supecficial  matter,  over  the  larsest  por- 
tion of  this  extensire  district  They  do  not  occur  further  north  in  our  iMand.  In 
Ireland  they  form  a  tract  of  limited  extent  on  the  nprthem  boniers  of  the  county 
ofMonaghan — coferamuch  larger  area  in  the  south-east  in  Kilkenny  and 
Glueen's  counties — and  towards  Die  mouth  of  the  Shannon,  spread  on  either 
bank  over  a  large  portion  of  the  counties  of  Clare,  Kerry,  and  Limerick. 

Soil. — ^The  soil  produced  by  the  degradation  of  the  sand-stones  and  shales 
of  the  coal  formation  is  universally  of  inferior  quality.  The  black  shales  or 
schists  form  alone  a  cold,  stiff,  ungrateful  clay.  The  sand-stones  alone  form 
thin,  unproductive  soils,  or  barren — almost  naked — sheaths.  When  the  chiy 
and  sand  are  mixed  a  looser  soil  is  produced,  which,  by  heavy  liming,  by  drain- 
ing, and  by  skilful  culture,  may  be  rendered  moderately  productive,  in  the 
west  of  the  counties  of  Durham  and  Northumberland,  and  on  the  higher  edges 
of  miwt  of  oar  coal  fields,  there  are  extensive  tracts  of  this  worthless  sand-stone 
surface,  and  thousands  of  acres  of  the  improveable  cold  clays  of  the  shale  beds. 
These  latter  soils  appear  very  unpromising,  and  can  only  be  tendered  remuno- 
rativeljr  productive  m  skilful  hanas.  They  present  one  of  those  cases  in  which 
the  active  exertions  of  ssealous  agriculturists^  and  the  efforts  of  the  friends  of 
agriculture,  might  be  expended  with  the  promise  of  much  benefit  to  the  country^ 

15^.  MiUstone  QriL      600 JU  This  formation  consists  in  some  lo- 

c^ties  of  an  entire  mass  of  coarse  sand* 
stone,  of  great  thickness — in  othera  of 
alternations  of  sand-stones  and  shales, 
resembling  those  of  the  coal-measures 
— while  in  others,  again,  lime-stones, 
more  or  less  siliceous,  are  interposed 
amon^  the  sand- stones  and  shales. 
ElxTENT.— A  larw  portion  of  Devonshire  is  covered  with  these  rocks — they 
form  also  the  high  land  which  skirts  to  the  north  and  west  the  coal-measures  of 
Yorkshire,  Lancashire,  and  Durham,  and  over  which  is  the  first  ascent  to  the 
chiUn  of  mountains  that  run  northward  throu^  these  three  coiffities.  In  Scot* 
land,  they  hate  not  been  observed  to  lie  immediately  beneath  any  part  of  the  sur- 
face.   In  the  north  of  IreittDd  tiiey  cover  a  considerable  area,  stretching  across 
the  county  of  Leitrim  between  SUgo  and  Lough  Erne. 

Soil.— The  soils  resting  upon,  and  fimned  from,  these  rocks  are  genenlly  of 
a  very  infbrior  description.  Where  the  sand-stones  come  to  the  surface,  miles 
of  ndccd  rook  appear;  other  tracts  bear  only  heath,  or,  j^here  the  rains  have 
only  a  partial  outlet,  accumulations  of  peat  The  shale-beds,  like  those  of  the 
coal-measures,  afford  a  cold,  unproductive,  yet  not  unimnroveable  8oB--it  is 
only  where  lime-stones  occur  among  them  that  patches  of  healthy  vsidure  am 
seen,  and  fields  whieh  are  readily  susceptible  of  profitable  arable  cultwre. 

It  is  true,  therefore,  of  this  formation  in  general,  that  the  high  grounds  fbrm 
extensive  tracts  of  moor-land.  In  the  lower  districts  of  country  over  whieh  it 
extends,  the  soil  jenemlly  rests  not  on  the  rocks  themselves,  but  on  supeifieiai 
aceumulations  of  transported  materials,  which  are  often  of  sueh  a  kind  as  to 
fbrm  a  soil  either  productive  in  itself  or  capable  of  being  rendered  so  by  skilfiil 
cultivation. 

16«.  M(mntaxn      }    atui  a  Imhisfermation,a8itsnan»impUe^^ 

ZAme-itone    \   ^^  ^  nme-tione  is  the  prsdominstifig  iDck. 

'  ICis  gsasm)lyhflid,blue,4adaioin«r 
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less  full  of  organic  remains.    In  soma 
localities,  it  occurs  in  beds  of  vast  thick- 
ness—(Derby  and  Yorkshire)-— while 
in  others — (Northumberland)-— it  is  di- 
Tided  into  oumeroos  layers,  with  inter- 
posed sand-stones  and  beds  of  shale,  and 
occasional  thin  seams  of  coal. 
ExTBNT.^The  greater  portion  of  the  counties  of  Derby  and  Northumberland 
■re  covered  by  this  formauon,  and  from  the  latter  county  it  stretdies  along  the 
west  of  Duriiam  through  Yorkshire  as  fiiras  Preston,  in  Lancashire— forming 
the  mountains  of  the  well  known  Pennine  chain,  which  throw  out  spurs  to  the 
east  and  west,  and  thus  present  on  the  map  an  irregular  outline  and  varying 
breadth  of  country.    In  Scotland  these  rocks  cover  only  a  small  portion  of  the 
county  of  Berwick,  immediately  on  the  Border;  but  in  Ireland,  almost  tlie  en- 
tile oeiitral  part,  forming  upwards  of  one-half  of  tlie  whole  island,  is  occupied 
by  the  mountain  lime-stone  formation. 

Soil. — From  the  slowness  with  which  tliis  rock  decays,  many  ports  of  it  are 
quite  naked;  in  others^  it  is  covered  with  a  thin  light  porous  soil  of  a  brown 
colour,  which  naturally  produces  a  short  but  thick  and  sweet  herbage.  Much 
of  the  mountain  lime-stone  country,  therefore,  is  in  natural  pasture. 

When  the  lime-stones  are  mixed  or  interstratified  with  shale  beds,  which  de- 
cay more  easily,  a  deeper  soil  is  found,  especially  in  the  hollows  and  towards 
the  bottom  of  the  valleys.  These  are  oflen  stiff  and  naturally  cold,  but  when 
well  drained  and  limed  produce  excellent  crops  of  every  kind.  In  Northumbeiw 
land,  much  of  the  mountain  lime-stone  country  is  still  in  moor-land,  but  the  ex- 
eeUence  of  border  &rming  is  gradually  rescuing  one  improveable  spot  aAer  ano- 
ther from  the  hitherto  unpro&ctive  waste.  In  Yorkshire  and  Devonshire  also 
impiovemenu  are  more  or  less  extensively  in  progress,  though,  in  aU  these  die- 
tiicu,  there  are  large  tracts  which  can  never  be  rtH^laimed. 

E. — Old  Red  Sand-stone  or  Devonian  System. 

17^.  Old  Red  Sand-  ?      500  to  The  upper  part  of  this  foimationcon- 

stane.  ^10,000/2.      sisu  of  red  sand* stones  and  conelomer* 

Old  Red  Conglomerate.  a^s  (induraied  sandy  gravel),  the  mid- 

Com-stone  and  Marls.  <**«  of  spotted,  red  and  green,  clayey 

Tile-stone.  marls,  with  irregular  layers  of  hard,  oil 

ten  impure  and  siliceous  lime-stonet 

(cornstones)  likewise  mottled,  and  the 

lowest  of  thin  hard  beds  of  siliceoue 

sand-stones,  sometimes  calcareous,  motr 

tied,  and  splitting  read!ly  into  thin  flags 

(tile-stones). 

Extent. — ^Though  occasionally  of  vast  thickness,  the  old  red  sand-stone  does 

not  occupy  a  very  extensive  area  in  our  island.     In  the  south  of  Pembroke  it 

Ibnns  a  tract  of  land  on  either  side  of  the  coal-field — surrounds  on  the  north  and 

east  the  coal-field  of  Glamorgan,  and  immediately  north  of  this  county  covers  a 

laige  area  comprehending  the  greater  portion  of  Brecknock  and  Hereford,  and 

part  of  Monmouth.    A  small  patdi  occurs  in  the  Isle  of  Anglesey,  and  in  the 

north-eastern  comer  of  Westmoreland'— but  it  does  not  again  present  itself  till 

we  reach  the  western  flank  of  the  Cheviot  Hills.     It  there  appeara  on  either 

aide  of  the  Tweed,  and  extends  over  a  portion  of  Berwick  and  Roxburgh  to  the 

base  of  the  Lammermuirs.    On  the  north  of  the  same  hills  it  again  presents  iir 

self,  and  stretching  to  the  south-west,  forms  a  considerable  tract  of  country  in 

the  counties  oi  Haddington  and  Lanark.     On  the  norch  of  the  great  Scottish 

eoal-field  it  forms  a  broad  band,  which  runs  completely  across  the  island  in  a 

soitth-westem  direction  along  the  foot  of  the  Grampians,  firom  Stonehaven  ta 
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the  Furth  of  Clyde,  is  to  be  ducorwed  in  the  Island  of  Atnn,  and  at  the  MqA 
of  Cantiie,  and — along  the  prolongation  of  the  same  line— «t  Taiious  places  on 
the  northern  flank  of  the  great  mountain  lime-stone  formation  of  IreUnd,  and 
especially  in  the  counties  of  Tyrone,  Fermanagh,  and  Monaghan.  In  the 
north  of  Scotland,  it  lines  either  shore  of  the  Moray  Firth,  skirts  the  coast  to- 
wards Caithness,  where  it  covers  nearly  the  whole  county,  and  still  further 
north,  forms  the  entire  surface  of  the  Shetland  Islands.  Alone  the  north-west- 
em  coast,  it  also  appears  in  detached  patches  till  we  reach  ue  southern  ex- 
tremity of  the  Isle  of  Sky.  ■ 

In  Ireland,  it  occurs  also  on  the  extreme  southern  edge  of  the  mountain  lime- 
stone, in  Waterford  and  the  neighbouring  counties — and  in  the  middle  of  this 
formation  on  the  upper  waters  of  the  Shannon,  in  the  south  of  Mayo,  and 
round  the  base  of  the  slate  mountains  of  Tipperary. 

Soil. — ^The  soil  on  the  old  red  sand-stone  admits  of  yery  neariy  the-wune 
variations  as  on  the  new  red  sand-stone  formation.  Where  it  is  formed,  as  in 
paru  of  Pembroke,  from  the  upper  sand-stones  and  conglomerates,  it  is  either 
worthless  or  it  produces  a  poor  nungry  soil,  "which  eats  all  the  manure,  and 
drinks  all  the  water."  These  upper  rocki  are  sometimes  so  siliceous  as  to  be 
almost  destitute  both  of  lime  ana  clay— in  such  cases,  the  soils  they  fonn  are 
almost  valueless. 

The  mariy  beds  and  lime-stones  of  the  second  division,  yield  warm  and  rich 
soils— such  as  the  mellow  lands  of  Herefordshire,  and  the  best  in  Brecknock 
and  Pembroke  shires.  The  soil  in  e^ery  district  varies  according  as  the  partings 
of  mail  ase  more  or  less  numerous.  These  easily  crumble,  and  where  they 
abound  form  a  rich  stiff  wheat  soil— like  that  of  East  Lothian  and  parts  of  Ber- 
wickshire -.—where  they  are  less  freouent  the  soil  is  lighter  and produoes  ezeellent 
turnips  and  barley.  Where  the  subsoil  is  porous,  this  land  is  peculiarly  fa- 
vourable to  the  sTowth  of  fruit  trees.*  The  apple  and  the  pear  are  largely  growo^ 
in  Hereford  and  the  neighbouring  counties,  long  celebrated  for  the  cider  an^ 
perry  they  produce. 

The  tile-stones  reach  the  surface  only  on  the  northern  and  western  edges  ot 
this  formation  in  England.  In  Ayrshire,  in  Lanarkshire,  in  Ross-shire,  and  in 
CaitlinesflL  larger  tracts  of  land  rest  on  these  lower  beds.  In  all  these  districts 
rich  com  IsJidis  are  produced  finom  the  rocks  of  the  middle  series.  The  lertilitr 
of  Strathmore  in  Perthshire,  and  of  other  vallies  upon  this  formation,  is  weU 
known — Easter  Ross  and  Murray  have  been  called  the  granary  of  Scodand, 
and  even  in  Caithness  rich  com-oearing  (oat)  lands  are  not  uninequent  Yet 
in  the  immediate  nei|;hbourhood  of  these  nch  lands,  tracts  of  tile-stone  country 
occur,  which  are  either  covered  with  useless  bo^  (Ayrshire  and  Lanarkshire}, 
or  with  a  thin  covering  of  soil  which  is  almost  mcapable  of  profitable  culture. 
In  this  latter  condition  is  the  moor  of  Beauly  on  the  Cromaithy  Firth,  an  aie« 
of  50  square  miles,  which,  till  within  a  few  yean,  lay  as  an  unclaimed  common 
— and  in  the  county  of  Caithness  still  more  extensive  tracts. 

In  South  Devon  and  part  of  Cornwall  a  very  fertile  district  rests  also  on  the 
middle  series  of  these  rocks.  Instead  of  red  sand-stones,  however,  the  country 
there  consists  of  green  slates,  more  or  less  siliceous,  of  sand-stones  and  of  lime* 
stones,  which  by  their  decay  have  formed  a  very  productive  soil.  These  rocks 
in  the  above  counties  abound  in  fossil  remains,  and  it  is  chiefly  for  this  reason 
that  the  term  Devonian  has  been  applied  to  the  rocks  of  the  old  red  sand-etone 
formation. 

*  The  most  loamy  of  ihese  red  sells  of  Heieford  sflbrd  the  finest eiops  of  wfaeatand  haest 
and  bear  the  most  prolific  apple  and  pear  trees,  whilat  the  whole  region  (eminendy  In  lbs 
heaTier  clavev  traets)  is  renowned  for  the  production  of  the  stnrdiest  oaks,  which  so  ahoood 
as  to  be  stTlea  the  **  weeds  of  Herefordshire."  Thoe.  Ihoush  this  recloo  contains  no  r ' 
the  composition  of  Us  rocks  la  directly  prodoettve  of  its  gnat  agrioiutunl  wealth.-  " 
mm,  SUarlaa  Systess,  L,  p.  I9a 
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III.  PmiKAKT  STiiATA««>In  these  itx^s  slates  abound,  and  lime* 
SKHies  are  more  rare.  Organic  remains  are  also  less  frequently  met 
with  than  in  the  superior  rocks.  These  remains  belong  all  to  extinct 
species,  the  greater  part  to  extinct  genera  and  families,  and  are  frequent- 
ly 80  wholly  unlike  to  existing  races  that  it  is  often  difficult  to  trace  any 
resemblance  between  the  animals  which  now  live  and  those  which  appear 
to  haye  inhabited  the  waters  of  those  ancient  periods. 

F.—SlLURIAN  StSTBM. 

18^.  Upper  Silurian.    3800/1.  The  upper  Lodlow  rocks  consist  of 

lo.  Ludlow fobm atiow.  sand-stoacs moieor lesscalGaieous and 

a  Upper  Ludlow  1  argillaceous.    These  wet  upon  hard, 

^  ~"       *^"^"*  J  Ludlow  rocks  are  masaeB  of  shale  mors 

99,  Wenlocx  fobmatioh.  fi^  from  Ume  and  sand  than  the  upper 

?  Sf^®"®  }  1800      **d»j  and  from  the  mode  in  which  they 

P  Shale  )  decay  into  mud  are  localW  known  by 

the  name  of  "  roud-etones."  * 

The  Wenlock  or  Dudley  formation 

consists  in  the  upper  part  of  a  great 

thickness  of  lime-stone  beds  often  arj^- 

ktceous,  and  abounding  in  the  remains 

of  marine  animals;  and  in  the  lower 

part  of  thick  beds  of  a  duU  clayey  shale 

— ^in  its  want  of  cohesion,  and  in  its 

mode  c^  decay,  very  much  resembling 

the  TMul-^Umes  of  Ludlow. 

Extent. — The  principal  seat  of  these  rocks  in  our  island  is  in  the  eastern 

counties  ef  Wales,  where  they  lie  immediately  beneath  the  surface  oyer  the 

eastern  half  of  Raanor,  and  the  north  of  Montgomery. 

Soil. — The  prevailing  character  of  the  soils  upon  these  formations  is  deriTsd 
from  the  shales  and  moo-stones — and  from  the  earthy  layers  of  the  sand-stones 
and  lime-stones  which  decay  more  readily  than  the  purer  masses  of  these  rocks. 
The  tFSTeller  is  immediately  struck  in  passing  from  the  rich  red  marls  and 
clays  of  the  old  red  sand^stone  in  Hereford,  on  to  the  dark,  almost  black,  soils 
of  the  upper  and  lower  Ludlow  rocks  in  Radnor,  not  merely  by  the  change  of 
odour,  out  by  their  obviously  diminished  value  and  productiveness.  The  up- 
per Ludlow  is  crossed  by  many  vertical  cracks  and  assures,  and  thus,  though 
dayey^  the  soil  which  rests  upon  it  is  generally  dry,  and  susceptible  of  cultivsr 
tion. 

Not  so  the  muddy  soils  of  the  lower  Ludlow  and  Wenlock  rocka^  They  are 
generally  more  or  less  impertious  to  water,  and  being  subject  to  the  drainage 
of  the  upper  beds,  fcNrm  cold  and  comparatively  unmanageable  tracts.  It  is  only 
where  the  intermediate  lime-stones  (Aymestry  and  Wenlock  lime-stones)  come 
to  the  sur&ce  and  mingle  their  debris  with  those  of  the  upper  and  lower  roeks, 
that  the  stiff  clays  become  capable  of  bearing  excellent  crops  of  wbeaL  This 
fiict,  however,  indicates  the  method  by  which  the  whole  of  these  cold  wet  clays 
might  beareatly  improved.  By  perfect  artificial  drainaee  and  copious  limeing, 
the  unproductive  soils  of  the  lower  Ludlow  and  of  the  wenlock  shales  might  be 
converted  into  wheat  lands  more  or  less  rich  and  fertile.  It  unfortunately  hap- 
pens,  however,  that  in  those  districts  of  North  and  South  Wales,  where  the 
dark  grey  or  black  "ro^y"  land  of  the  mud-stones  prevails,  lime  is  ofien  so 
aeaice,  dr  has  to  be  brought  from  so  great  a  distance,  as  to  render  this  means  of 
improvement  ahnost  unattainable. 
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la^.  Lower  SUurim.    3700>t  Tbe  Ctjmdoe  beds  eoMiat  of  tluuc 

CMdoc  Sand-stones    9600      laywsofsmd-stonejof  Ysjioyocoloam, 

Llandeik)  Ftaes  IflOO      '^'^'^  ^W***  ^^  ^7H^.  ^J*  "^  «** 

^^  ^  casionally  intentiatified  with,  thin  beds 

of  impure  lime»8toDe?    The  Ijandeito 
flags  which  lie  beneath  them  consist  of 
thin  calcareous  strata,  in  some  locali- 
ties alternating  with  sand-stones  and 
shales. 
ExTSNT.— These  rock;  form  patdies  of  land  in  Shrd^shire  and  the  north  of 
MoatgoBieiy-— and  sldn  the  soiithem  and  eastern  ecke  of  Oaeimaithen.    Nona 
of  the  Silurian  rocks  have  yet  been  fiwrnd  to  eztenaoTer  any  large  portion  of 
either  Scotland  or  Ireland. 

Soil. — The  Caiadoc  sand-stonA.  when  free  from  lime,  produces  only  a 
naked  surface  or  a  barren  heath.  The  Uandeilo  flags  form  a  fertile  and  anJ>]e 
soil,  as  may  be  seen  in  the  south  of  Caermarthen,  where  they  are  bestderd- 
oped,  and  especially  on  the  banks  of  the  Towey,  which  for  many  miles  before 
it  reaches  the  town  of  Caennarthen  runs  over  this  formation. 

In  this  formation,  aa  in  every  other  we  have  yet  studied,  the  soil  cfaanees  Im- 
mediately on  the  appearance  of  a  new  rock  at  the  sur&ee.  The  soilof  tho 
Wenlock  shale  is  sometimes  more  sandy  as  it  approaches  the  Caradoc  beds, 
and  on  finYOurable  slopes  forms  good  arable  land  and  sustains  luxuriant  woods, 
but  where  the  Caradoc  aand-stones  reach  the  surface,  a  wild  heath  or  poor 
wood-land  stretches  over  the  country,  until  passing  over  theur  edges  we  reach 
the  lim&'ContainiBg  soils  of  the  Uandeilo  flags,  when  fertile  anble  lands  and 
lofty  trees  again  appear.^ 

Q,^*Cauerim  Ststxm. 

20°.   Upper  4*  Lower  Cam-  >  These  rocks,  which  are  many  thou- 

orian  IUck$.  \  "<^^  yards  in  thickness,  consist  chiefly 

of  thin  slates,  often  hard  and  clearing 
readily,  like  roofing  slates,  occasionally 
intermingled  with  sandy  and  thin  limo- 
stone  beds.    They  contain  few  oiganic 
remains. 
ExTBMT.— These  rocks  cover  the  whole  of  Cornwall,  part  of  North  and 
South  Devon,  the  western  half  of  Waks,  the  entire  centre  of  the  Tsle  of  Man, 
and  a  large  part  of  Westmoreland  and  South  Cumberland.    In  Scotland,  they 
form  a  buid  between  30  and  40  miles  in  width,  which  crosses  the  island  from 
the  Mull  of  Galloway  to  St  Abbs  Bead.    They  form  also  a  narrow  stripe  of 
land,  which  recroases  the  island  along  the  upper  edge  of  the  old  red  sand-stono 
from  Stonehaven  to  the  Isle  of  Bute,  and,  further  north,  spread  over  a  consider- 
able portion  of  Banfl*8hire.    In  the  south-west  of  Ireland  they  attain  a  great 
breaothj  are  narrower  at  Waterford,  but  form  a  broad  band  along  the  granite 
mountains  from  that  city  to  Dublin.    They  extend  over  a  large  portion  of  the 
counties  of  Louth,  Cavan,  Mona^han,  Armagh,  and  Down, — ^form  a  narrow 
stripe  also  along  the  coast  of  Antnm  as  far  north  as  the  Giant's  Causeway, — 
and,  in  the  interior  of  Irdand,  re-appear  in  the  mountainous  district  of  Tip- 
pereiy. 

Soir..-*The  predominanee  of  slatv  locks  in4his  formation  imparts  to  the  soils 
of  the  entire  surface  over  which  they  extend  one  common  clayey  character. 
Ther  generally  form  elevated  tracts  of  country,  as  in  Wales,  Cumberland, 
ScotJand,  and  Ireland,  where  the  rigoora  of  the  climate  combine  with  the  f!be> 
quent  thinness  and  poverty  of  the  soil  to  condemn  extensive  districts  to  worth* 

*  Bach  a pasBige  fh>n  one  foinationloiiiolher  toeaUMltd  tai  tbe  tfsgnwxs  iasexted  la 
psfasaei 
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I  or  to  widely  cattendod  bogi.  Yet  (ha  slate  loeks  UianiMlfieSj  espeei^ 
ally  when  they  happen  to  be  ealeaieom,  are  capable  of  producing  fertile  aofls. 
Soeh  ara  found  i&  toe  Talleve,  on  the  hiU  iidea,  and  by  the  margins  of  the  lakes 
that  ase  often  met  with  in  the  slate  diatriots.  More  extensive  stripes  or  bands 
of  8«cb  pvodnetiTe  land  ocoar  also  at  lower  levels,  as  in  the  north  of  Devon,  and 
in  the  south  of  CornwalL  In  the  latter  cottnnTf  tb^  aoils  on  the  Aamtlende  ttaie 
(which  Ues  near  the  bottom  of  the  slala  series}are  extremely  fertile,  exhibiting  a 
strildne  contrast  with  thoee  which  are  ftmned  from  the  neighbouring  Sezpentue 
rocks,  uat  extend  over  a  large  area  immediatelv'  north  of  the  Lizard  (see  p.  365.) 

Where  the  day-slate  soils  occur,  therefore,  lioweTer  cold  and  stiff  they  may 
be,  a  fiivourable  oUmai^  drainage,  if  necessary,  and  time,  either  natarelly  pre- 
sent, or  artificially  added,  appear  to  be  the  first  requisites  to  insure  fertility. 

The  mode  in  which  these  rocks  lie,  or  the  decree  of  inclination  which  the 
beds  exhibit,  exercises  an  important  influence  upon  the  agricultural  character 
of  the  soils  that  resi  upon  them.  In  the  diagram  inserted  in  page  338,  the 
rocks  (A)  represent  the  fiighly  inclined,  often  nearly  vertical  posiuon,  in  which 
the  slate  rocks  are  most  frequently  found.  The  soil  formed  from  them  must, 
therefore,  rest  on  the  thin  edges  of  the  beds.  Thus  it  happens  in  many  lo- 
calities tliat  the  rains  carry  down  the  soluble  parts  of  the  soil  and  of  the  memure 
wiihia  the  partings  of  the  statea— and  henoe  tne  lands  are  hungry  and  unprofit- 
able to  work. 

On  the  slopes  of  the  day  slate  hills  of  the  Cambrian  and  Silurian  systems, 
fiourish  the  vmeyards  of  the  middle  Rhine,  the  Moselle,  and  the  Ahr. 

H.-*MrCA-6LATB  AND  Gireiss  Btstems. 
21**.  Mca-SlaUf  Oneist  Bock,  The  upper  of  these  formations  con- 

sists of  thin  undulating  layers  of  rock, . 
^  consisting  chiefly  of  quartz  and  mica, 

alternating  occasionally  with  green 
(chlorite)  slates,  common  clay-slates, 
quartz  rock  and  hardcrystaUme  lime- 
stones.   The  g[neis8  is  a  hard  and 
solid  rock  of  a  similar  nature,  consist- 
ing of  many  thin  layers  distinctly  vi* 
sible,  but  nrmly  cemented,  and  as  it 
were  half-mdted  tosether. 
ExTBMT.^-^TwO-thitds  of  Scotland,  comprehending  nearly  the  whole  country 
north  and  west  of  the  Gkampians,  consist  of  these  rocks.    In  ^^ngland  there 
ia  only  a  small  patch  of  mica  slate  about  Bolt  Head  and  Start  Point  in  South 
Devon,  and  a  somewhat  larger  in  Anglesey ;  but  in  Ireland,  nearly  the  whole 
of  the  counties  of  Donegal  and  Londonderry  on  the  north,  and  a  larse  portion 
of  Mayo,  Connaoght,  and  Qalway,  on  the  west,  are  covered  by  rocks  bdonging 
to  the  mica  slate  system. 

Soils.— These  rocks  are,  in  jgfeneral,  harder  still  than  those  of  the  Cambrian 
system,  and  still  more  impervious  to  water,  when  not  highly  inclined.  They 
crumble  slowly,  therefore,  and  imperfectly,-  and  henoe  are  covered  with  thin 
•oils,  on  which,  where  good  natund  drainage  exists,  a  coarse  herbage  springs, 
and  from  which  an  occasional  crop  of  com  may  be  reaped— btit  on  which,  where 
the  irater  becomes  stagnant,  extensive  heaths  and  bogs  prevail.  That  tliey 
contain,  when  perfectly  decomposed  and  mellowed,  the  materials  of  a  fertile  soil, 
is  shown  by  tM  richness  of  many  little  patches  of  land,  that  occur  in  the  shel- 
tered valleys  of  die  Highlands  of  Scotland,  and  by  the  margins  of  its  many 
lakes.  In  general,  however^  the  mica-slate  and  gneiss  country  'a  so  elevated 
that  not  only  does  an  ungenial  dimate  assist  its  natural  unproauctiveness,  but 
the  freqaent  rains  and  rapid  flowing  rivers  bear  down  to  the  bottoms  of  the  val- 
lies  or  forward  to  the  sea,  much  of  the  finer  matter  produced  by  the  decay  of  the 
nMkSy— leaving  only  a  poor,  thin,  sandy  soil  behind. 


On  th«e  liaid  alMe  and  pnam  radu  extanahf^  ^me  iottaUM  m  Sweden  and 
Norway  hare  kmg  lived  and  died.  In  thcae  countries  it  is  cuatamary  in  many 
plaoef  to  bum  down  the  wood,  to  straw  the  ashes  orer  the  thin  soil,  to  hairow 
m  the  seed — to  leap  thna  one  or  two  harreatsof  lye,  and  to  abandon  it  again  to 
nature.  A  ^re  of  beech  first  springa  up,  which  is  supplantsd^by  an  after- 
growth of  pine,  and  finally  diai^ppears. 


Such  is  a  general  deecrtptiOD  oflhe  nature  and  order  of  aoecession  of 
the  stratified  iocks«  as  they  occur  in  Great  Britain  and  Irelaod— -of  the 
relative  areas  ov^r  which  they  severally  appear  at  the  eufiace— and  of 
the  kind  of  soils  which  they  produce  bv  their  natural  decay.  The  con- 
sideration of  the  facts  above  stated,*  shows  bow  very  much  the  fertility 
of  each  district  is  dependent  upon  its  geological  structure— >how  much  a 
previous  knowledge  of  that  structure  is  fittra  toeDlighten  us  in  regard  to 
the  nature  of  the  soils  to  be  expected  in  any  district-^o  explain  anonia- 
lies  also  in  regard  to  the  unlike  agricuUnral  capabilities  of  soils  appar- 
ently similar*— to  indicate  to  the  parchaser  where  good  or  better  laoda 
are  to  be  expected,  and  to  the  improver,  whether  the  means  of  amelio- 
rating his  soil  by  limeinff,  by  marling,  or  by  other  judicious  admixture, 
are  likely  to  be  within  his  reach,  awl  in  what  direction  they  are  to  be 
sought  for.  There  still  reoiain  some  important  branches  of  this  subject 
to  which,  at  the  risk  of  fatiguing  you,  it  will  be  my  duty  briefly  lo  draw 
your  attention  in  the  followiqg  lecture. 

*  For  mach  of  Uie  practical  Informatloa  eontsined  in  this  seetioa,  I  have  to  expresi  aiy. 
obllniioiu  to  the  following  works:— for  Uie  extreme  aotthem  eoaotlee,  to  Be  La  Beche'a 
Gemgioal  Report  on  CotnwtUt  and  Devon  ;  and  to  a  paper  br  Sir  Charles  Lemon,  Bart,  on 
the  ArriatUural  FndncB  ^f  GbrmaoB  ,*— for  Wales  and  the  Border  cottnttes,  to  Marchison's 
Siiurian  Syetem  ,*~ror  the  Midland  cooatlea  of  Eulaod,  to  Morton  on  Sbrlv,  a  work  I  have 
in  a  previous  note  reccNnmended  to  the  attention  ofthe  reader;  for  Yorkabire,  to  a  paper  by 
Sir  John  Johnston,  BarL,  In  th^  Journal  of  the  Royal  Agricultural  Society  /—and  for  the  Okl 
Red  Band-slone  of  the  north  of  Beollaad,  to  the  Terr  loteresUog  IHile  work  of  Mr.  MlUer  on 
7%s  (M  Red  Skand^Uim.  The  reader  would  read  the  above  section  with  much  greater 
proiii  if  he  were  previoaslj  to  possess  bisMslf  of  PhilUp's  Outline  3iap  of  Ike  Geology  qf  tke 


LECTURE  Xn. 

Compogttloo  oftbe  fraoltlc  roeki  and  of  tbetr  eeotUtaent  nlnenls—Oavwe  uid  madie  of 
thetr  d^nuiaiioo— 8oiIsderiTttd  from  tbem— Superficial  accamulaliona— Their  mfluened 
open  ihe  cbaracter  of  the  eoiia  .  Onpinto  wMtltttenti,  alUiaaie  clismical  OMMlitosloii.  aMl 
pb/flical  pioperttoa  of  aoOa. 

It  has  been  stated  in  the  preeeding  Lecture,  (§  6,  p.  237),  that  the  rocks 
which  present  themselves  at  the  surface  of  the  earth  are  of  two  kinds, 
distinguished  by  the  terms  itratijud  and  unatratified.  The  former 
crumble  away,  m  general,  more  rapidly  than  the  latter,  and  form  a  va- 
riety of  soils  of  which  the  agricultural  characters  and  capabilities  have 
been  shortly  explained.  The  uostratified  or  crystalline  rocks  form  soils 
of  so  peculiar  a  cbaracter  and  posseseine  agricultural  capabilities  in 
general  so  different  from  those  of  the  stratified  rocks  which  occur  in  the 
same  neighbourhood,  and  they,  besides,  cover  so  large  and  hitherto  so 
unfruitful  an  area  in  our  island,  as  to  entitle  them  to  a  separate  and 
somewhat  detailed  consideration. 

§  1.  Compotidon  of  (he  OraniHc  Rocks. 

The  name  of  GraniU  is  given  by  mineralogists  to  a  rock  consisting  of 
a  mixture  more  or  less  intimate  of  three  simple  roiDerals-^-Qvar/z,  Aricat 
and  FeUpar.  When  Mica  is  wanting,  and  Hornblende  occurs  in  its 
stead,  the  rock  is  distinguished  by  the  name  of  SjfeniU,  This  mineral- 
ogical  distinction  is  often  neglected  by  the  geologist,  who  describes  large 
tracts  of  country  as  covered  by  granitic  rocks,  though  there  may  be 
many  hills  or  mountains  of  syenite.  In  a  j^eological  sense,  the  distinc- 
tion is  often  of  little  consequence;  in  relation  to  agriculture,  however, 
the  distinction  between  a  granite  and  a  syenite  is  of  considerable  im- 
portance. 

The  minerals  of  which  these  rocks  consist  are  mixed  together  in  very 
variable  proportions.  Sometimes  the  quartz  predominates,  so  as  to  con- 
stitute two-thirds  or  three-fourths  of  the  whole  rock,  sometimes  both 
mica  and  quartz  are  present  in  such  small  quantity  as  to  form  what  is 
then  called  a  felspar  rock.  The  mica  rarely  exceeds  one-sixth  of  the 
whole,  while  the  hornblende  of  the  syeitites  sometimes  forms  nearly 
one  half  of  the  entire  rock.  These  diflerences  also  are  often  overlooked 
by  the  geologist-»though  they  necessarily  produce  important  differences 
in  the  composition  and  agricultural  characters  of  the  soils  derived  from 
the  crystalline  rocks. 

A  few  other  minerals  occur  occasionally  among  the  granitic  rocks,  in 
sufficient  quantity  to  affect  the  composition  of  the  soils  to  which  th^ 
give  rise.  Among  these,  the  different  varieties  of  tourmaline  are  in 
many  places  abuwlant.  Thus  the  schorl  rock  of  Cornwall  consists  of 
quartz  and  schorl  (a  variety  of  tourmaline),  while  crystals  of  schorl 
are  00  frequently  found  in  the  granites  of  Devon,  Cornwall,  and  the 
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Scilly  Isles,  as  to  be  considered  characteristic  of  a  very  large  portion  of 
them  (Dr.  Boase). 

These  rocks  decay  with  very  different  degrees  of  rapidity-^accord- 
ing  to  tbe  proportions  in  which  the  several  mioerals  are  present  in 
them,  and  to  the  peculiar  state  of  hardnoss  or  aggregation  in  which  they 
happen  to  occur.  Both  the  niod^of  their  decay,  however,  and  the  cir- 
cumstances under  which  it  takes  place,  as  well  as  the  character  and 
composition  of  the  soils  formed  from  them,  are  materially  dependent 
upon  the  composition  of  the  several  minerals  of  which  the  rocks  consist. 
This  composition,  therefore,  it  will  be  necessary  to  eibibit. 

1°.  Quartz  has  already  been  described  (p.  206),  as  a  variety  of  silica 
—the  substance  of  fliots,  and  of  siliceous  sands  and  sand-stones.  In 
granite,  it  oflen  occurs  in  the  form  of  rock  crystal,  but  it  is  more  frequent- 
ly disseminated  in  small  particles  throughout  the  rocky  mass.  It  is 
hard  enough  to  scratch  glass. 

2°.  FeUpar  is  generally  colourless,  but  is  not  unfrequently  reddish  or 
flesh-coloured.  On  the  colour  of  the  felspar  they  contain,  that  of  the 
granites  most  frequently  depends.  Several  varieues  of  this  mineral  are 
known  to  collectors.  Besides  the  common  felspar,  however,  it  is  only 
necessary  to  specify  Albite,  which,  in  appearance,  closely  resembles  fel- 
spar, often  takes  its  place  in  granite  rocks,  and  In  chen^ical  constitution 
differs  from  it  only  in  containing  soda,  while  the  common  felspar  con- 
tains potash.  These  two  minerals  are  readily  distinguished  from  quartz 
by  their  inferior  hardness.  They  do  no4  scratch  glass,  and,  in  general, 
may  easily  be  scratched  by  the  point  of  a  knife. 
They  concist  respectively  of— 

Fe1«i>ar.  Alblte. 

Silica     ....     65*21  69-09 

Alumina    .    .    .     18*13  19*22 

Potash  ....     16*66  — 

Soda     ....       —  11*69 

10000  100*00 

It  is  to  be  observed,  however,  that  these  minerals  do  not  generally  oc- 
cur in  nature  in  a  perfectly  pure  state — for  though  they  do  not  essential- 
ly contain  either  lime,  magnesia,  or  oxide  of  iron,  they  aire  seldom  found 
without  a  small  admixture  of  one  or  more  of  these  substances.  It  is  also 
found  that  while  pure  felspar  contains  only  potash,  and  pure  albite  only 
soda,  abundance  of  a  kind  of  intermediate  mineral  occurs  which  contains 
both  potash  and  soda.  Such  is  the  case  with  the  felspar  of  the  Siebenge- 
birge,  onthe  right  bank  of  the  Rhine  (Berthier),  and  wiih  those  con- 
tained in  the  lavas' of  Vesuvius  and  the  adjacent  parts  of  Italy  (Abich). 

In  these  two  minerals  the  silica  is  combined  with  the  potash,  soda, 
and  alumina,  forming  certain  compounds  already  described  under  the 
name  oftilicates  (p.  207). 

Felspar  consists  of  a  silicate  of  alumina  combined  with  a  nlicaU  of 
potash.  Albite  of  the  same  silicate  of  alumina  combined  with  a  siUcaU 
of  soda.  • 

3^.  ilfiea  generally  occurs  disseminated  through  the  granite  in  smaTl 
shining  scales  or  plates,  which,  when  extracted  from  the  rock,  split  readi- 
iy  into  numerous  inconceivably  thin  layers.    It  sometimes  occurs  also 


r" 
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in  large  manes,  and  is  of  Tarions  eolcmrs— -white,  grey«  brown,  green, 
and  black.  It  is  soft  and  readily  cut  with  a  knife.  The  thin  shining 
particles  that  occur  in  many  sand- stones,  and  especially  between  the 
partings  of  the  beds,  and  give  them  what  is  called  a  ndcaceotis  charac- 
ter, are  only  more  or  less  weathered  portions  of  this  mineral. 

Mica  also  oonsistA  of  silicates,  though  its  constitution  is  not  always  so 
ample  as  that  of  felspar.  In  some  varieties  magnesia  is  present,  whilst 
in  others  it  is  almost  whollv  wanting,  as  is  shewn  by  the  following  com- 
position of  two  specimens  mm  different  localities. 

Pomh.  ■mmmIul 

IClca,  AHm. 

46*10  4000 

31-60  12-67 

Q^  19.03 


Silica  *  .  ..  . 
Alumina  •  .  •  . 
Pioc-Ozideoflron 
Magnesia  .  •  . 
Potash  .... 
Oxide  of  Magnesia 
Fluoric  Add  •  • 
Water  .... 


—  16-70 

8-S9  6-61 

1-40  0*63 

1*12  210 

1-00  Titanic  Acid  1*63 


98-26  97-37 

If  we  n^ect  the  three  last  substances,  which  are  present  only  in  small 
quantities,  and  recollect  that  the  silica  is  m  eomhmation  with  all  the 
other  substances  which  stand  beneath  it,  we  see  that  these  varieties  of 
mica  consist  of  a  silicate  of  alumina,  combined  in  the  one  with  silicate 
of  iron  atid  mlieaU  ofpoloiht  and  in  the  other  with  nkcaie  cf  iron  and 
niieaU  ofmaarttena, 

4^.  &rnoUnde  occurs  of  varioiis  colmiFB,  but  that  which  forms  a  con- 
atitQeni  of  the  syenites  and  of  the  baaalts  is  of  a  dark  green  or  brownish 
black  colour,  is  oflen  in  regular  crystals,  and  is  readily  distinguished 
from  qaarts  and  fskpar  by  iu  colour,  and  from  black  mica  by  not  split- 
ting into  thin  layers,  when  heated  in  the  flame  of  a  candle.  It  consists 
of  silicatea  of  alumina,  iime,  magnesia,  and  oxide  of  iron,  or  per  cent. 
of— 


HonUeQde. 

Silica 42-24 

Alumina    ....  13-92 

-    Lime 12-24 

Magnesia   ....  13*74 

Prot-OxideoflroD  .  14-59 
Oxide  of  Manganese  0-33 
Fluoric  Acid  ...       — 

97-06  99-63 

A  comparison  of  these  two  analyses  shows  that  the  proportions  of 
magnesia  and  oxide  of  iron  sometimes  vary  considerably,  yet  that  the 
hornblendes  still  maintain  the  same  general  composition.  They  are  re- 
markably distinguished  frpm  felspar  hy^lhe  total  aUence  of  potash  and 
sodot  and  by  amUtining  a  large  ffroportion  of  Unu  and  magnesia.  From 
the  potash-mica  they  are  distinguished  by  tlie  same  chemical  differen- 
•est  and  from  the  magneeii^i  mica  by  containing  lime  to  the  amount  of 
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1th  part  of  their  whole  weight.  Such  difimaoes  moat  materially  af* 
feet  the  conetitutioo  and  agricultural  capabilidee  of  the  soils  formed  from 
these  several  minerals,  and  they  show  the  correctness  of  what  I  have 
previously  stated  to  you-^that  mioeralogical  differences  in  rocks  which 
may  be  neglected  by  the  geologist,  may  be  of  great  importance  in  ex- 
plaining the  appearances  that  present  themselves  to  the  philosophical 
agriculturist 

4^.  Schorl  usually  occurs  in  the  form  oflong  black  needles  or  prisms 
dissemioatcMl  through  the  granitic  rock,  and  f;enerally  (in  Cornwall)  at 
the  outskirts  of  the  granite,  where  it  comes  mto  contact  with  the  slate 
rocks  that  surround  it  (De  la  Beche^.  It  consists  of  a  silicate  of  alomi* 
na  in  combination  with  silicates  of  iron  and  of  soda  or  magnesia.  Two 
varieties  gave  by  analysis— 

flehoirl  l^tonDallne 

tnm  Dtvooahira.  fimn  Sweden. 

Snica, 36-20  37-66 

Alumina,    ....  36*60  33-46 

Magnetic  Oxide  of  Iron,  17-86  9-38 

Magnesia,   ....  0-70  .     .                 10*98 

BoracicAcid,  .    •    •  4-11  3*83 

Soda, 2-09  Soda  dc  potash,  2-63 

Lime, 0-66  0-26 

Oxide  of  Manganese,  0-43  — 

96-44  98-08 

Tbis  mineral,  according  to  these  analyses,  is  characterised  by  ooo* 
taiDing  from  |  to  ^^  of  its  weight  of  magnetic  oxide  of  iron,*  and  some- 
times pV  of  magnesia.  The  presence  or  Boradc  actdf  is  also  a  remark- 
able cliaracter  of  this  minenu,  but  as  neither  the  presence  of  this  sub- 
stance in  any  soil,  nor  its  efiect  upon  vegetation,  have  hitherto  been  oin 
served,  we  can  form  no  opinion  m  regtud  to  its  importance  in  an  agri- 
cultural point  of  view* 

^2.  Of  the  tUgradoHan  of  the  OramUie  rocks^  and  of  the  9oils  formed 
jTon  then* 

The  granites,  in  general,  are  hard  and  durable  rocks,  and  but  little  af^ 
fected  by  the  weather.  The  quartz  they  contain  is  scarcely  acted  upon  at 
all  by  atmospheric  agents,  and  in  very  many  cases  the  felspar,  mica« 
and  hornblende  yield  with  extreme  slowness  to  their  degrading  power.  It 
is  chiefly  to  the  t^iemical  deeompontian  of  the  felspar  that  the  wearing 
away  of  granite  rocks  is  due,  and  the  formation  of  a  soil  from  their  crum- 
bling sulwtance. 

It  has  been  stated  that  the  felspars  consist  of  a  silicate  of  alumina  in 
combination  with  silicates  of  potash  or  of  soda.  New  these  latter  sili- 
cates are  slowly  decomposed  by  the  carbonic  acid  of  the  air  (see  p.  207), 
which  combines  with  the  potasn  and  soda,  and  forms  carbonates  of  theso 
alkalies.    These  carbonates  are  very  soluble  in  water,  and  are,  them- 

*  Thli  oxide  la  composed  of  tbe  jlraf  tod  etowrf  oiidee  of  iron  deeeilbed  In  p.  310l 
t  Boncio  edd  oeevn  In  oombtaelloa  wUh  eode  In  die  oommon  bormM  of  the  ebopSi    % 
coibtoee wtth  eode^getMit,  U— , <he^  sad  fennsAenrtw.    IntheielMfiaprotaUyc  '  ' 
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foftt,  washed  sway  by  the  fint  shower  of  rain  that  falli.  The  insolable 
mliea  and  the  silicate  of  alomina  are  either  left  behiod  or  are  more  slow- 
ly carried  away  by  the  mios  in  the  finrm  of  a  fine  powder  (a  fine  porce- 
lain clay)«  and  deposited  in  the  ▼alleys  or  borne  into  the  rivers  and  lakes, 
—while  the  particles  of  quartz  and  mica,  having  lost  their  cemeni  of  fel- 
spar, fall  asander,  and  form  a  mofe  or  less  siliceoas  sand. 

Oranite  soils,  therefoiBf  on  all  hanging  grountUf-'OD  the  sides  and 
slopes  of  hills,  that  is— are  poor  and  sandy,  rarely  containing  a  safiicieot 
admixtare  of  day  to  enable  them  to  support  crops  of  com— -while  at  the 
botiomsof  the  hiils,  whether  <«n  flat  or  hollow  grounds,  they  are  com- 
posed, in  great  measure,  of  the  fine  day  which  has  resulted  from  the 
gradual  decomposition  of  the  felspar. 

This  clay  consists  chiefly  of  the  siHcata  of  alumina  contained  natural- 
ly in  the  felspar— it  difiers  little,  in  short  fhnn  that  which  has  already 
been  described  (p.  161),  under  the  name  of  pure  er  pipe  clay,  which  is 
too  stilTand  intractable  to  be  readily  converted  into  a  prolific  soil. 

It  will  readily  be  understood  how  such  toils— decomposed  felspar  soils 
—must  generally  contain  a  considerable  quantity  or  potash  from  the 
presence  of  minute  particles  of  silicate  of  potash  stfll  undecomposed ; 
and  it  will  be  as  readily  seen  that  they  can  contain  little  or  no  lime, 
since  neither  in  feUpar  nor  in  mica  has  mora  than  a  trace  of  this  earth 
been  hitherto  met  with. 

We  have  seen,  howeveri  that  hornblende  contains  firora^th  to  |tb  of  its 
weight  of  lime,  and  as  the  same  carbonic  acid  of  the  atmosphere  which 
decomposes  the  felspar,  decomposes  the  silicates  of  the  hornblende  also, 
it  is  clear  that  soils  which  are  derived  from  the  degradation  of  syenitJc 
rocks,  especially  if  the  proportion  of  hornblende  present  in  them  be  lar^e, 
will  contain  lime  as  well  as  clay  and  silica.  Thus  consisting  of  a  great- 
er number  of  the  elements  of  a  fertile  soil,  tbey  will  be  more  easily 
rendered  fruitful  also— must  naturally  be  more  fruitful— than  those 
which  are  formed  from  the  granites,  correctly  so  called.  It  is  to  the  pre- 
sence of  this  lime  that  the  superior  fertility  of  the  soils  derived  from  the 
hornblende  slates  of  Cornwallt  already  adverted  to  (p.  265),  is  mainly 
to  be  ascribed. 

Schorl^  as  above  stated,  contains  mndi  oxide  of  iron,  and  sometimes 
^ve  or  six  per  cent,  of  magnesia.  It  decomposes  slowly,  will  give  the 
soil  a  red  colour,  and  though  it  contain  only  a  trace  of  lime,  vet  the  ad- 
mixture of  itsconsdtueiits  with  those  of  the  feUpar  may  iwm52y  amelio- 
rate the  quality  of  a  soil  formed  from  the  decay  of  the  felspar  alone. 

It  thus  appears  that  a  knowledge  of  the  oonstitntion  of  the  minerals  of 
which  the  granites  are  composed,  and  of  the  proportions  in  which  these 
minerals  are  mixed  together  in  any  locality,  cleady  indicates  what  the 
nature  of  the  soils  formed  from  them  mHtt  b(H-«n  indication  which  per- 
fectly accords  with  observation.  The  same  knowledge,  also,  showing 
that  such  soils  never  have  containml,  and  never  can,  naturally,  include 
more  than  a  trace  of  lime,  will  satisfy  the  improver,  who  believes  the 
presence  of  lime  to  be  almost  necessary  in  a  fertile  soil,  as  to  the  first 
slap  to  be  taken  in  endeavouring  to  rescue  a  granitic  soif  from  a  state  of 
nature— will  explain  to  him  the  reason  why  the  use  of  lime  and  of  shell 
mod  on  such  soils,  should  so  long  have  been  practised  with  the  best  ef* 
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feocs,— 'and  will  encourage  him  to  persevere  io  a  ceurse  of  ti^atment 
which,  while  suggested  by  theory,  is  coofirmed  alao  by  praciice. 

Extent,  ofgramtic  roeJn  in  Great  BriUdn  on^  Jrvfczfia.— In  Eogland, 
the  only  extensive  tracts  of  granite  occar  in  Cornwall  and  Devon,  pre- 
senting themselves  here  and  there  in  isolated  patches  frpm  the  Scilly 
Isles  and  the  Land'a  End  to  Darttnoor  in  Sooth  Davon.  In  the  latter 
locality,  the  granite  rocks  cover  «n  apeH  ofaboot  400  s^are  miles.  Pro- 
ceeding northward,  various  small  <mi-lmr$t$*  of  gramte  appear  in  the 
Isle  of  Anglesey,  in  Westmoreland,  and  in  CumWlaDd,  and  ^nonh  of 
the  Solway,  in  Kirkcudbright,  it  extends  over  150  or  SMM)  square  miles ; 
-^but  it  is  at  the  Oramman  Bills  that  these  foeks  begin  to  be  most  ex- 
tensively developed.  With  the  exceptioD,  indeed,  of  the  Batches  of  old 
red  sandfstone  already  noticed,  nearly  the  whole  of  Scotland,  north  of  the 
Grampians — and  of  the  western  islands,  excluding  Skye  and  fiEull,  con- 
sists of  granitic  rocks. 
^  In  Ireland,  a  range  of  granite  <the  Wieklew)  moontains  rans  south  by 
west  from  Dublin  to  near  New  Rooa  the  same  rock  forms  a  conaider- 
tible  portion  of  the  mountainous  districts  in  ihe  north«west  of  Donegal,  and 
in  the  southof  Oalway-— eoversa  less  extensive  ansa  in  Armagh,  and  pre- 
sents hself  in  the  form  of  an  isolated  patch  in  the  county  of  Cavan. 

Sails  of  the  granitic  rorke.-^From  what  has  been  already  suted  in  re- 
gard to  the  composition  of  granite,  it  is  clear  from  theory  that  no  gene- 
rntly  uniform  quality  of  soil  can  be  expected  to  result  from  iu  decompo- 
sition, and  this  deduction  is  confirmed  by  practical  observation.  Where 
quartz  is  more  abundant,  or  where  the  clay  is  washed  out,  the  soil  is 
poor,  hungry,  and  unfruitful— ^uch,  generally,  is  its  character  on  the 
more  exposed  slopes  of  the  hills  in  ihe  Western  Isles,  and  io  the  nonh 
of  Scotland.— [Macdonald*s  Agricultural  Swrvey  of  the  Hehrides,  p.  26.] 
In  the  hollows  and  levels,  where  natural  drainage  exists,  stiff  clay  soils 
prevail,  which  are  often  cohl  and  nnfruitfbl,  but  ara  capable  of  amelio- 
ration wheretbe  depth  of  «arth  is  sufficient,  by  draining  and  abundant 
liming  or  marling.  Where  there  is  no  natural  drainage,  vegetable  mat- 
ter accumulates,  as  we  have  seen  tube  the  vase  on  the  surfrce  of  all  im- 
pervious rocks— and  lx>gs  are  fi>rmed.  In  the  north  of  Scotland,  and  in 
Ireland,  and  in  the  high  lands  of  Dartmoor  (Devon),  these  are  «very- 
'  where  seen  in  such  localities,  and  it  is  said  that  two-thirds  of  the  He- 
brides ara  covered  with  peat  bogs  more  or  less  reclainaable. 

In  Cornwall  and  Devon,  the  granitic  soils  {gr^wan  s(^ls,  as  they  ara 
there  called]  are  observed  to  be  mora  productive  as  the  bills  dimmish 
In  height.  Thus  Dartmoor  is  covered  only  with  heath,  coarse  grass, 
and  peat ;  while  In  the  Scilly  Isles  the  growan  land  prodoces  good  crops 
of  wheat,  potatoes,  bariey,  atid  grass;  and  the  same  is  OMerved  at 
Moraton  Hampstead,in  Devon,  where  tolerat>le  crops  of  barley  are  gn>wn» 
and  potatoes,  which  are  highly  esteemed  in  the  Exeter  market  (De  La 
Beche).  No  doubt  the  climate  has  som^hing  to  do  with  these  difler- 
ences ;  but  the  less  the  elevation,  and  the  consequent  washing  of  the 
reins,  the  mora  of  the  clay  will  ramain  mixed  with  the  siliceoas  saod ; 

*  Tills  «S|iMsiioB  li  la  some  mcMdnflMoreUeil,  ma  iBpllos— wbst  It  Uw  fwitiiay  n* 
catved  opinion— «l«t  U)o  graalu  rocka  were  forced  op  (Vom  beneaih  In  a  fluid  nue,  like  cIm 
lAVM  ofexiedat  Toleenoee— that  tbey,  u  well  u  the  lap  lockt,  eve,  In  ttoott,  onlf  iMtS  «C 
aaioreaaelent  dele  (aee  p.  88r> 
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while  in  aid  of  both  these  caases,  a  small  diflferepce  in  the  eompMitiea 
ofics  cooatituent  inineraJs,  ofien  not  to  be  detected  by  the  eye,  niay  ma- 
terially afiect  the  character  of  the  granitic  soils. 

According  to  Dr.  Paris,  the  preaence  of  mach  mica  deteriorates  these 
aoils;  while  that  which  is  foraged  at  the  edges  of  the  granite,  when  it 
comes  in  contact  with  the  slate  rocka,  is  of  a  more  fertile  quali^.  The 
latter  remark,  however,  does  not  universally  apply,— especialiy  where 
the  eranite,  as  at  the  edges  of  Daitmoor,  contains  much  schorl,  (De  La 
Becne)— and  the  presence  of  mica,  in  the  richest  soils  of  the  red  marl, 
would  seem  to  impty  that  this  mineral  is  fitted  materially  to  promote 
the  fenility  of  a  aoU  m  wfaicfa  the  other  earthy  ingredients  are  properly 
adjtrsted« 

The  more  elevated  and  thin  mnitic  soils  are  said  to  be  fitted  for  tbe 
growth  of  larch ;  tbe  lower  and  deeper  soils,  which  admit  of  the  use  of 
tbe  plough,  have  been  fiMind  to  yield  a  three^fold  return  of  corn  py  the 
use  of  lime  alone. 

§  4.  Of  (he  trap  rocks,  and  the  soils  formed  from  them. 
Of  the  trap  rocks  there  are  several  varieties,  of  which  the  most  impor- 
tant are  distinguished  by  the  names  of  GrtensUmet  Basalt,  and  §«r- 
fentine. 

The  Green-stones  consist  of  a  mixture  more  or  less  intimate  of  felspar 
and  hornblende,  or  of  feUpar  and  augUe.  They  are  distinguished  from 
the  granites  by  the  absence  of  mica  and  quartz,  and  by  tbe  presence  of 
the  lk)rnblende  or  augite,  often  in  equal,  and  not  unfrequently  in  greater 
quantity  than  the  felspar.  In  the  granites,  the  felspar  and  quaru  to- 
gether generally  form  upwards  of -j^  of  tbe  whole  mass. 

Augile  is  a  mineral  having  much  resemblance  to  hornblende,  and, 
like  ir7 occurring  of  various  colours.  In  the  trap  rocks  it  is  usually  of  a 
dark  green  approaching  to  black»  It  generally  contains  much  lime  and 
oxide  of  iron  in  tbe  state  of  silicates.  The  composition  of  two  varieties 
compared  with  that  of  basaltic  hornblende  is  as  follows : — 

Black  AoAlte       Aucite  from  tbe  Bualtic 

tram.  Sweden,     lam  of  VeeoTloi.       Hornblende. 

SUica 63*36  50-90  42-24 

Lime 22-19  22«96  12-24 

Magnesia 4-99  14-43  13-74 

Prot-Oxide  of  Iron    .    .    •    17-38  6-26  14-69 

Prot-Oxide  of  Manganese  .      0-09  —  0-33 

Alumina      ......       —  6*37  13-92 

96-01  99*91  97-06 

The  predominance  of  this  mineral  (augite)  or  of  hornblende  in  the 
in'een-stone  rocks  roust  necessarily  cause  a  very  material  difference  in 
the  nature  of  the  softs  produced  from  their  decay,  compared  with  those 
which  are  formed^m  the  granitic  rocks  in  which  this  felspars  are  the 
predominating  mineral  ingredient. 

2^.  Basalt  consists  of  a  mixture,  in  Tariable  proportiona,  of  angite» 
magnetic  oxide  of  iron,  and  zeoliie,*    It  diflers  in  a  ppearanee  fiiem  groen- 

*  «<WM  er  wAAovf /efapor."  In  addllfcm  to  attgtte,  macnette  Iron,  and  seollte,  manj  te. 
Mto  ewMstealso  a  eomtderable  portion  of  eertaln  varietim  of  felspar,  cspaelall/  of  ods  ip 
wbteh  tbe  nave  of  nafhdim  has  been  given. 
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eioiMt  chiefly  by  the  darknen'of  its  ooloart  and  by  the  minuteoeM  of  dia 
paiticlei  of  wmcb  it  ia  oooipoeedt  which,  in  general,  cannot  be  diatia* 
guished  by  the  naked  eye. 

ZeoUte  18  a  generic  tenn  applied  to  a  great  number  of  mineral  spedea 
which  occur  in  the  basalts,  and  often  intermixed  with  the  green-stooe 
rocks.  They  differ  fiomfeUpar  m  their  greater  eolmbilily  in  acide^  and 
by  generally  contaimng  Itsne^  vihere  the  latter  contains  potash  or  soda> 

It  may  m  stated,  indeed,  as  the  most  important  agricultural  distinc- 
tion, between  the  granitic  and  the  true*  trsp-rocks,  that  the  latter  aboond 
In  lime,  while  in  the  former,  it  is  often  entirely  absent.  If  in  a  green- 
stone only  one-fourth  of  its  weight  consist  of  aogite,  every  20  tons  of  the 
rock  may  contain  one  ton  of  lime.  If  in  a  baeolt  the  augite  and  seoliie 
amount  to  only  two-thirds  of  its  weight,  every  nine  tons  may  contain  a 
too  of  lime.  The  practical  farmer  cannot  fail  to  conclude  that  a  soil 
formed  from  such  rocks  roust  possess  very  dififerent  agricultural  capabil- 
ities from  the  soils  we  have  already  described  as  being  formed  firoin  the 
decomposition  of  the  granites. 

3^.  Serpentine  is  a  greenish  yellow  mineral,  consisting  of  silica  in 
combination  with  magnesia  and  a  little  iron,  and  occanonally  a  few 
pounds  in  the  hundred  of  lime  or  alumina.  The  distinguishing  ingredi- 
ent is  the  magnesia,  which  generally  approaches  to  40  per  cent,  of  the 
whole  weight  of  the  mineral.  Rocks  of  serpentine  are  generally  mixed 
with  magnetic  iron  ore,  and  with  portions  of  other  minerals  in  greater 
or  l!*88  abundance. 

Extent  of  the  trap  rocks  in  the  British  Irfe».-^The  serpentine  ptick  oc- 
curs to  any  extent  only  in  Cornwall,  about  the*  Lizard  Point,  where  it 
covers  an  area  of  50  square  miles.  The  &reen-8tones  and  basalts  are 
only  met  with  here  ana  there  in  small  patches,  until  we  get  so  far  north 
as  the  Cheviot  Hills,  which  consist  of  these  and  other  varieties  of  trap. 
It  is  in  the  low  country  of  Scotland,  however,  intermixed  with  and  sur- 
rounding the  great  coal  district  of  that  part  of  the  island,  that  the  greatest 
breadth  of  trap  is  seen.  It  there  stretches  across  the  island  in  a  south- 
west direction,  and  in  detached  masses,  from  the  Friths  of  Tay  and 
Forth  to  the  island  of  Arran,  covering  an  area  of  800  or  1000  square 
miles.  In  the  prolongation  of  the  same  line  it  re-appears  in  the  north- 
east of  Ireland,  and  extends  over  the  whole  of  the  county  of  Antrim  and 
a  small  part  of  Londonderry  and  Armagh.  In  the  most  northerly  portion 
of  this  tract  the  well-known  columnar  basalt  of  the  Giants'  Causeway 
occurs.  On  the  west  coast  of  Scotland  the  trap  rocks  cover  nearly  the 
whole  of  the  islands  of  Mull  and  of  Skye — to  the  west  of  the  former  of 
which  islands  lies  Stafia  with  its  celebrated  basaltic  caves. 

Soil  of  the  trap  rocks.^—The  soil  of  the  serpentine  rocks  at  the  Lizard 
is  far  from  fertile,  retaining  the  water  and  thus  forming  swamps  and 
marshes.  Even  where  a  natural  drainage  exists  it  rarely  produces  good 
grass,  or  avera^  crops  of  corn.  It  is  remarkable  for  growing  a  pecu- 
Ear,  very  beautiful  heath^^mca  tTa^oiu^-wbich  so  strictly  limits  itself 
to  the  serpentine  soil  as  distinctiv  to  mark  the  boundary  by  which  the 
serpentine  is  separated  from  other  rocks  (De  La  Beche).    From  the 

*  atrpmUkte  is  not  fSBWaOr  inelnd«d  amoot  Uia  tnm  tap  roeks:  It  Is  ind^j^  UBot« 
tbem  bare  as  k  often  u  by  gtoloflats,  boeaiise  In  bmo^  plM6%  u  at  ttis  UsanI,  it  oocan 
aloQi  wich  trua  grMn-stond. 
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compoeidon  of  serpeDdne  we  might  be  led  to  Buppoee  that  the  compara- 
tive barrenoess  of  the  eoils  formed  from  it  is  due  to  the  large  qaantity 
of  magnesia  which  this  mineral  contains ;  and  this  may,  in  some  cases, 
be  partly  the  cause.  It  would  appear,  however,  that  these  soils  often 
contain  very  little  magnesia,  the  loof  action  of  the  rains  and  of  other 
agents  having  almost  entirely  removed  it  (see  p.  209),  and  yet  they  still 
retain  their  barrenness*  But  they  contain  no  lime,  and,  therefore,  after 
draining,  the  first  areat  step  to  take  in  order  to  improve  such  soils,  is  to 
give  them  a  good  dose  of  lime.  How  this  step  is  to  be  followed  up  will 
depend  upon  the  effect  which  this  treatment  is  found  to  produce. 

The  soil  of  the  green-stones  is  generally  fertile,  and  it  is 'more  so  in 
proportion  as  the  hornblende  or  augite  predominates — that  is,  generally, 
10  proportion  to  the  darkness  of  its  colour. 

In  Cornwall  and  South  Devon,  where  scattered  masses  of  trap  occur, 
consisting  chiefly  of  hornblende  and  felspar,  they  **afibrd  the  most  fertile 
soils  of  any  in  the  district  when  their  decomposition  has  taken  place  to 
a  sufficient  depth**  (De  La  Beche).  Wherever  the  trap  rocks  (locally 
dun-sUmes)  are  observed  at  the  surface,  **  it  is  deemed  a  fortunate  cir- 
cumstance, being  a  certain  indication  of  the  fertility  of  the  incumbent 
soils."— [Worgan's  View  of  the  AgricuUure  of  QjrnwaU,  p.  10.1  The 
superior  fertility  of  the  neighbourhood  of  Penzance  is  owing  to  tne  pre- 
sence of  these  rocks  (Dr.  Paris),  and  where  their  detritus  iias  been  mix- 
ed with  that  of  other  rocks— as  with  the  worthless  granite  soils— it  ame- 
liorates and  improves  their  quality. 

The  same  general  character  is  exhibited  by  the  trappean  soils  of  other 
districts  of  the  island.  The  height  of  the  Cheviot  HiUs  renders  the  cli- 
mate in  many  places  unfavourable  to  arable  culture,  yet  they  produce 
the  sweetest  pasture,*  while  the  low  country  around  Uiem  has  been 
largely  benefitted  by  admixture  with  their  crumbline  fragments.  The 
whole  of  that  lowland  tract  of  Scotland,  over  which  these  rocks  extend— 
comprehending  the  counties  of  Ayr,  Renfrew,  Lanark,  Linlithgow, 
Fife,  and  portions  of  Perth,  Sterling,  Edinburgh,  and  Haddington, — ex- 
hibit the  fertile  or  fertilizing  character  of  the  decomposing  green-stone. 
In  Cornwall  it  is  dug  up  as  a  marl  and  applied  to  the  land,  and  in  the 
neighbourhood  of  Haddington  I  have  seen  a  farming  tenant  (a  leasehold" 
er)  removing  twelve  inches  of  trap  soil  from  the  entire  surface  of  a  field, 
for  the  purpose  of  spreading  a  layer  of  an  inch  in  depth  over  twelve 
times  the  area  in  another  part  of  his  farm.  There  can  be  no  doubt  that 
this  mode  of  improvement  is  within  the  reach  of  many  proprietors  and 
farmers— especially  along  the  southern  borders  of  Perthshire,  and  near 
the  more  elevated  of  Ayr  and  Lanark. 

To  the  north  of  Ireland,  and  to  the  Western  Islands,  the  above  re- 
marks, with  slight  modifications,  arising  from  local  causes,  will  also  ap- 
ply. For  example,  where  the  surface  is  flat,  and  the  rock  impervious, 
water  will  collect  and  heaths  and  bogs  will  be  produced,  which  only 


*  It  It  a  iliigakr  ftet  ohseirvd  here  and  tbere  amoof  the  Cheviot  Hilsoa  the  border,  that 
where  abeep  are  folded  or  paalured  on  hllle  of  trap  wtJcb  are  covered  with  delicate  herbage, 
Cliev  are  attacked  by  what  le  locally  called  ihmpirUng  tOi— they  nine  a««^,  beoome  Indolent, 
ami  are  unwiUiDK  to  move.  Tbe  care  le  to  drive  them  to  a  nekhbourina  eand^lene  txufure, 
where  they  hecome  again  active,  and  begin  to  thrive.  The  mniv  blue  on  each  uurm  am 
well  known,  and  the  lenam  haa  no  heaitation  In  pointing  to  tbia  and  to  tbat  hfU  as  iboee  oa 
which  the  aheep  are  aure  to  pine,  if  kept  apon  them  only. 

\ 
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draining  can  remove.  They  apply  also  to  other  countries  where  tfsp 
rocks  abound— the  only  fertile  tracts  of  Abyssinia,  for  ins.aDce,  being 
found  ID  vallies  and  on  mountain  slopes,  where  the  soil  is  composed  of 
the  detritus  of  trappean  rocks  (Dr.  Riippell., 

Yet  there  are  exceptions  to  ihis  general  rule. 

Where  the  felspar  is  largely  predominant,  the  soil  formed  from  the 
Tock  will,  partake  more  or  less  of  the  cold  and  barren  character  of  the 
etifier  granitic  soils.  Such  appears  to  be  the  case  with  some  of  the  traps 
which  occur  in  the  border  counties  of  England  and  Wales  (Murchison). 

In  the  Isle  of  Skye,  again,  a  local  peculiariiy  of  a  difTereni  kind  ob- 
tains, the  effect  of  which  upon  the  soil  is  also  to  render  it  poor  and  un- 
productive. In  that  island  the  singularly  beautiful  ridge  of  the  Cuchul- 
len  Hills  consists  of  a  variety  of  trap  in  which  the  augite  so  far  predomi- 
nates as  to  form  nearly  the  whole  of  the  mountain  masses,  But  the 
augite  in  this  case  is  a  variety  to  which  the  name  of  hypersOunt  has 
been  given,  and  which  contains  much  magnesia  and  oxide  of  iron,  but 
wcareely  a  trace  of  either  lime  or  alumina.  The  rock  is  very  hard,  and 
decays  with  extreme  slowness;  yet  however  rapid  its  decay  might  be, 
it  could  never  produce  a  fertile  soil.  We  have  seen  that  the  serpentine 
and  granhe  soils  are  essentially  deficient  in  lime,  but  a  hypersthene  soil 
is  in  want  both  of  lime  and  of  clay.  It  would  be  still  more  difficult, 
therefore,  to  render  the  latter  productive— even  supposing,  as  in  the  case 
of  the  serpentine  soils,  that  the  magnesia  of  the  hypersthene*  were  most- 
ly washed  away  by  the  rains. 

Thtis  we  perceive  how  eacily  the  study  of  the  composition  of  the  dif- 
ferent varieties  of  the  trap  rocks  explains  the  observed  differences  in  the 
quality  of  the  soils  derived  from  them.  When  the  minerals  they  contain 
abound  in  lime,  the  soils  they  yield  are  fertile-^when  those  minerals 
predominate  in  which  lime  is  wanting,  the  soils  are  inferior,  sometimes 
scarcely  capable  of  cultivation.  Again,  the  granites  abound  in  potash; 
but  except  in  the  syenites  they  rarely  contain  lime,  and  their  soils  are 
generally  poor.  Let  them  be  mixed  with  the  trap  soils,  and  they  are 
enriched.  This  would  seem  fairly  and  clearly  to  imply  that  the  ferdlity 
of  the  one  is  mainly  due  to  the  presence  of  Ume,  and  the  barrenness  of 
the  other  to  the  absence  of  this  earth. 

On  this  subject  I  will  only  further  add,  that  the  more  modem  volcanie 
lavas  which  overspread  Italy,  Sicily,  parts  of  France,  Spain,  and  Ger- 
many, are  closely  related  to  the  trap  rocks  in  their  general  composition 
—and  the  fertility  which  overspreads  thousands  of  square  miles  of  de- 
composed lava  streams  and  ejections  of  vulcanic  ashes  in  Italy  and  Si- 
cily, is  too  well  known  to  require  any  detailed  description. 


§  5.  Cy  superficial  accumulations  of  foreign  materials,  and  of  the  i 
hy  tohichthey  have  been  transpcn'led. 
Abundant  proof,  I  think,  has  now  been  advanced  that  a  close  relatioQ 

*  Th«  bypenMhoia  of  Bkye  bus  been  found  to  eonaltt  of— 

Bilin 61-95  1     Protoxide  of  Iron 33-98 

1-84  I     Water 0« 


11-091 

Tbe  eompoaiUon  probably  nurtea  in  diffbrent  paits  of  the  rock,  i 
Mala  and  leaa  Iron  toan  ia  q«ra  reineaentMl, 
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generally  exists  between  the  soil  and  the  rocks  on  which  it  rests,  and 
Slat  the  geological  structure  of  a  country,  as  well  as  the  cbemical  consti- 
tution of  the  minerals  of  which  its  several  rocky  masses  consist,  have  a 
primary  and  fundamental  influence  upon  the  agricultural  capabilities  of 
Its  surface. 

And  yet  I  should  be  leading  yon  into  a  serious  error,  were  I  to  permit 
yon  to  suppose  that  this  intimate  and  direct  relation  is  always  to  be  ob* 
served — that  in  whatever  district  you  may  happen  to  be,  you  will  find 
the  soil  taking  its  general  character  from  toe  subjacent  rocks — and  that 
where  the  same  rocks  occur,  similar  soils  are  always  to  be  expected. 
On  the  contrary,  in  very  many  localities  the  soil  is  totally  difierent  from 
that  which  would  be  producedf  by  the  degradation  or  decomposition  of 
the  rocks  on  which  it  rests.  To  mfer,  therefore,  or  to  predict,  that  on  a 
given  spot,  where,  according  to  the  geological  map,  red  sand-stone  for 
example  prevails,  a  marly  or  other  red  sand-stone  soil  will  necessarily 
be  found— or  that  where  the  coal  measCires  are  observed,  poor,  ungrate- 
ful land  must  exist— would  be  to  form  or  to  state  opinions  which  a  visit 
to  the  several  localities  would  in  many  instances  show  to  be  completely 
erroneous— and  which  would  bring  undeserved  discredit  upon  geologi- 
eal  science. 

In  such  cases  as  these  geology  is  not  at  fault.  New  conditions  only' 
have  supervened  which  render  the  natural  relation  between  soils  and 
rocks  in  those  places  less  simple,  and  consequently  more  obscure.  Yet 
a  further  study  of  geological  phenomena  removes  the  obscurity— shows 
to  what  cause  it  is  owing  that  in  many  districts  the  scnl  is  such  as  could 
never  have  been  formed  from  the  subjacent  rocks— again  places  the  en- 
lightened agriculturist  in  a  condition  to  pronounce  cenerally  from  what 
rocks  his  soils  have  been  derived— generally  also  what  their  agricultural 
capabilities  are  likely  to  be,  and  by  what  mode  of  ueatment  those  capa- 
bilities may  be  most  fully  developed. 

Of  the  surface  of  Great  Britain  and  Ireland  it  may  indeed  be  truly 
said,  that  it  exhibits  extensive  tracts  in  which  the  character  of  the  soil  is 
directly  influenced  by,  and  may  be  inferred  from,  the  character  and 
composition  of  the  subjacent  rock.  To  these  districts  the  rules  and  ob- 
servations contained  in  the  preceding  sections  directly  and  clearly  apply. 
But  other  extensive  tracts  also  occur  in  which  the  character  of  the  soil  is 
independent  of  that  of  the  rocks  on  which  it  immediately  rests— the 
cause  of  this  apparent  difficulty  we  are  now  to  consider. 

1^.  I  have  already  had  occasion  to  explain  to  you  in  what  way  all 
rocks  crumble  more  or  less  rapidly,  and  give  origin  to  soils  of  various 
kinds.  Were  the  surfaces  of  rocKS  uniformly  level,  and  that  of  every 
eoontry  fiat,  the  crumbled  materials  would  generally  remain  on  the  spots 
where  they  were  formed.  But  as  already  shown  in  the  diagrams,  in- 
serted in  page  238,  the  rocks  rarely  lie  in  a  horizontal  position, 
but  rest  almost  always  more  or  less  on  their  edges;  and  the  surface  in 
such  a  country  as  ours  is  often  mountainous  or  hilly*  and  everywhere 
nndulating.  Hence  the  rains  ate  continually  washing  ofi*  the  finer  par- 
ticles from  the  higher,  and  bearing  them  to  the  lower  grounds— -and  on 
occasions  of  great  floods,  vast  quantities  even  of  heavy  materials  are 
borne  to  great  distances,  and  spread  sometimes  to  a'great  depth  and  over 
m  fceat  axtent  of  coimtfy^[witiMss  the  sdU  raoent  fkwdsiii  Manyahiie.] 
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Thus  the  spoils  of  one  rocky  formution  are  borne  frum  ibeir  native  soil^ 
and  are  strewed  over  the  surface  of  other  kiiidii  of  rock  of  a  totally  dil- 
ferent  character.  The  fragments  of  the  granite,  gneiss,  and  slate  rock* 
of  the  high  lands  are  scattered  over  the  old  red  sand-stones  which  He  at 
a  lower  level— and  those  of  the  bine  lime-stone  mountains  over  the  mill- 
atone  grits,  the  coal  measures,  and  the  new  red  sand-stones,  which  stretch 
away  from  their  feet. 

2^«  But  the  effects  produced  by  this  natural  cause,  though  ihey  may 
be  judged  of  in  kind,  can  never  bNe  estimated  in  degree  by  what  we  per- 
ceive in  our  own  temperate  climates«-in  our  country  of  small  rivers  and 
gentle  rains.  How  must  such  efiects  exceed  in  magnitude,  in  district! 
where, — as  in  the  Ghauts,  that  separate  the  level  land  of  the  Malabar 
coast  (the  Concan)  from  the  high  table-land  of  the  Deccan, — ^120  inchea 
of  rain  occasionally  fall  in  a  siugle  month,  and  240  inches  or  20  feet,  oa 
an  average,  every  year  from  Tune  to  September !  And  to  what  vast 
distances  must  materials  be  transported  by  great  rivers,  such  as  the  Mia* 
aissippi,  the  River  of  Amasoos,  the  Ganges,  and  the  Indus,  which  main- 
tain a  course  of  thousands  of  mifes,  before  thev  empty  themselves  into 
the  sea?  What  necessary  connection  can  the  deposits  of  mud  and  sand 
which  yearly  collect  at  the  mouths  and  in  the  places  overflowed  by  the 
'waters  of  these  ereat  rivers,  have  with  the  nature  of  the  rocks  on  wbidi 
these  transported  materials  may  happen  to  rest? 

3°.  But  the  constant  motion  of  the  waters  of  the  sea  washes  down 
the  clifison  one  coast,  and  carries  away  their  ruins  to  be  deposited,  either 
in  its  own  depths,  or  along  other  more  dieltered  shores.  Hence  sand 
banks  accumulate— as  in  me  centre  of  our  own  North  Sea:  or  the^aod 
gains  upon  the  water  in  one  spot  what  it  loses  in  another— as  may  be 
seen  both  on  the  shores  of  our  own  island,  and  on  the  opposite  coasts  of 
Germany  and  France. 

What  necessary  relation  can  the  soils  thus  rained  from  the  sea  have 
to  the  rocks  on  which  they  rest?  Suppose  the  bottom  of  the  North  Sea 
to  become  dry  land,  what  necessary  mineral  relation  would  then  exiat 
between  the  soils  which  would  gradually  be  formed  on  its  hundreds  of 
square  miles  of  sand-banks,  and  the  rocKs  on  which  those  sand-banka 
immediately  repose  ? 

4^.  Again,  the  sea,  in  general,  carries  with  i^and  deposits  in  its  ows 
bosom  the  finest  particles  of  cla^,  lime,  and  other  earthy  matters,  and 
leaves  along  its  shores  accumulations  of  fine  siliceous  sand.  This  sand, 
when  dry,  3ie  sea  winds  bear  before  them  and  strew  over  the  land,  form- 
ing sand  hills  and  downs,  sometimes  of  considerable  height  and  of  great 
extent.  Such  are  to  be  seen  here  and  there,  in  our  own  islands,  but  oo 
the  Eastern  shores  of  the  Bay  of  Biscay,  and  on  the  coasts  of  Jutland, — 
both  exposed  to  violent  sea  winds, — ^they  occur  over  much  lai|;er  areas. 
Before  these  winds  the  light  sands  are  condnually  drifting,  and,  year  by 
year,  advance  further  and  further  into  the  country,  gradually  driving 
lakes  before  them,  swallowing  up  forests  and  cultivated  fields,  with  the 
houses  of  the  cultivators,  and  burying  alike  the  fertile  soils  and  the  rocks 
From  which  they  were  cniginally  derived.  [In  the  Landes,  the  ad- 
Tance  o{  the  downs  is  estimated  at  66  to  70  feet  every  year.] 

You  have  all  read  of  the  fearful  sands  of  the  African  deserts,  and  of 
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ifaeir  destmcdve  march  when  the  barniDg  windi  awakeo.  History  teUt 
of  popolouB  cities  and  fertile  plains,  where  notl^ng  but  blown  sands  aro 
iHTir  to  be  seeot  and  geology  eanly  leads  us  baek  to  still  more  remote 
periods,  when  the  broad  zones  of  sandy  desert  were  hot  narrow  stripes 
of  blown  sand  along  the  shores  of  the  sea,  or  beds  of  comparatiTel^  looso 
sand-stone,  which  here  and  there  came  to  the  surface,  and  which  the 
winds  have  aradually  removed  from  their  original  site,  and  wafted  widely 
over  the  land. 

Wherever  these  sand^driAs  spread,  it  will  also  be  clear  to  ycm,  that 
there  may  be  no  necessary  similarity  between  the  loose  materials  oq 
die  surface  ^tnd  the  kind  of  rock  over  which  these  materials  are  strewed. 

5^.  Along  with  these  I  shall  mention  only  one  other  great  agent  by 
which  loose  materials  are  gradually  transported  to  considerable  dis* 
taoces; 

It  is  observed  in  elevated  countries,  where  the  snow  never  emhely 
melts,  and  where  glaciers  or  sheets  of  ice. hang  on  the  mountain  sides,— 
descending  towards  the  plains  as  the  winter's  cold  comes  on,  and  again 
letreating  towards  the  mountain-tops  at  the  i^proach  of  the  summer's 
lieat— that  the  edges  of  the  glaciers  bear  before  tliem  into  tlie  valleys,  and 
deposit  akmg  their  edges,  banks  of  conical  ridces  of  sand  and  gravel 
(Moraines).  These  consist  of  the  fragments  of  the  rocky  heights,  worn 
and  rounded  W  the  (Hction  of  the  sheets  of  ice  beneath  which  they 
have  descended  fiom  above,  and  fiom  the  edges  of  which  they  finally 
escape  into  the  plain. 

Tnese  lidges  df  sand  and  gravel  accumulate  till  some  more  sodden 
thaw  than  usual,  or  greater  summer's  heat  arrives,  when  they  are  mora 
or  less  completely  broken  up  by  the  rush  of  water  that  ensues,  and  are 
dispersed  over  the  subjacent  tracts  of  level  land. 

When  the  rocks  are  of  a  kind  to  rub  down  so  fine  as  to  form  much 
mod  as  well  as  sand  or  gravel,  the  ridges  are  of  a  more  clayey  charac- 
ter. And  where  the  edges  of  the  glaciers  descend  to  the  borders  of  lakes 
or  seas — as  in  the  Tierra  del  Fuegfr— this  mud  is  washed  away  and 
widely  spread  by  the  waters,  while  the  gravel  and  sand  remain  nearer 
their  original  site ;  or,  finally,  when  the  ice  actually  overhangs  the  wa- 
ter, hnae  fraffmenu  break  oflTnow  and  then— 'loaded  with  masses  of  gra- 
vel and  sand,  or  even  with  rocks  of  large  size,— which  fragments  float 
away  often  to  great  distances  and  drop  their  stony  burdens  here,  and 
there,  as  they  ^adually  melt  and  disappear* 

To  these  mets,  let  it  oe  added,  that  recent  geological  researches,  of  a 
Tory  interesting  kind,  tend  to  show  that  nearly  all  the  elevated  tracu  of 
eoontry  in  the  temperate  regions  of  Europe  and  America — ^in  our  own 
island  among  other  localities — ^have  been  covered  with  glaciers  at  a 
comparatively  recent  period,  (geologically  speaking,)  and  that  these  sla- 
derB  have  gradually  retreated  step  by  step  to  (heir  present  altitudes, 
halting  here  Ibr  a  time,  and  lingering  there;— and  we  shall  find  reason 
to  believe  that  traces  of  transported  materials^— moved  (torn  their  oriA^i- 
nal  site  by  this  agent  also— are  to  be  looked  for  on  almost  every  geolo- 
gical formation. 

And  such  the  geokigical  observer  finds  to  be  in  reality  the  cas^ 
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%6,  Of  ihe  oeewrrefite  oftueh  aecumndatiaM  in  Cheat  Britain^  andqf 
(heir  influence  in  modifying  ike  character  of  the  soiL 

Sach  accamalatioDs,  for  example,  preseot  themaelves  over  a  la^e 
portion  of  our  own  island.  Tbus,  in  jDeyodshire,  the  chalk  and  green 
•and  are  00  Gompletely  covered  by  gravelB,  coneisdoft  of  the  fragmenie 
of  older  rocks  from  the  higher  orouods,  mixed  with  chalk-flints  and 
chert,  that  nearly  the  whole  of  this  tract  possesses  one  common  charac- 
ter of  infertility,  and  is  widely  covered  with  downs  of  furze  and  heath 
(De  La  Beche.)  In  like  manner  the  chalk,  green  sand,  and  plastic  clay 
of  a  larc^  portion  of  Norfolk  and  Suffi>lk,  and  of  parts  of  the  countieictt* 
Essex,  Cambridge,  Huntingdon,  Bedford,  Hertford,  and  Middlesex,  are 
covered  with  till,  (stiOT  unstratified  clay,)  containing  large  stones,  (boul- 
ders,) or  with  gravels,  in  which  are  mixed  fragments  of  rocks  of  various'' 
ages,  which  must  have  been  brought  from  great  distances,  and  perhapa 
from  different  di,rections  (LyelL)  So  over  the  great  plain  of  the  new- 
red  sand-stone,  in  the  centre  and  west  of  England — in  Lancashire* 
Cheshire,  Shropshire,  Stafibrdshire,  and  Worcestershire— drifted  gra- 
vels of  various  kinds  are  widely  spread.  It  may  indeed  be  generally 
remarked,  that  over  the  bottoms  of  all  our  great  vallies,  such  drifted 
fragments  are  commonly  difEused— that  upon  our  wider  plains,  they  are 
here  and  there  collected  in  ereat  heaps-— and  that  on  the  lower  lands  thai 
border  either  shore  of  our  island,  extensive  deposits  of  clay,  sand,  or  gra- 
vel, not  unfrequentl^  cover  to  a  great  depth  the  subjacent  rocks. 

The  practical  agriculturist  will  be  able  to  connrm  this  remark,  in 
whatever  district  almost  he  may  live,  by  facts  which  have  come  within 
his  own  knowledge  and  observation.  I  shall  briefly  explain,  by  way  of 
illustration,  the  mode  in  which  such  accumulations  of  drifted  matter 
overlie  the  eastern  or  lower  half  of  the  county  of  Durham. 

The  eastern  half  of  the  county  of  Durham  reposes,  to  the  north  of  the 
city  of  Durham,  chiefly  upon  the  coal  measures,  (sand-stones  and  shales;) 
to  the  south,  chiefly  on  the  magnesian  lime-stone  and  the  new-red  sand- 
stone* These  coal  measures  rise,  here  and  there,  into  considerable  eleva- 
tions, as  at  Gateshead  Fell  near  Newcastle,  and  Brandon  Hill  near  Dur- 
ham, where  the  rooks  lie  immediately  beneath  the  surface,  and  are  cov- 
ered by  comparatively  little  transported  matter.  The  magnesian  lime- 
stone, also,  in  many  localiiies,  starts  up  in  the  form  of  round  hills  or  ridges, 
on  which  reposes  only  a  poor  thin  soil,  formed  in  great  measure  by  the 
crumbling  of  the  rock  itself.  Yet,  geoeralljr  speaking,  this  entire  dis- 
trict is  overspread  with  a  thick  sheet  of  dnfted  matter,  consisting  of 
clays,  sands,  and  gravels.  ^ 

This  drift  is  made  op  of  three  separate  layers,  to  be  observed  more  or 
less  distinctly  in  taking  a  general  survey  of  the  county,  though  there  are 
fow  spots  where  they  can  all  be  seen  reposing  immediately  one  over  the 
other. 

P.  The  upper  layer  consists  of  clay»— 00  the  higher  grounds,  poor, 
•tifi!  yellow— 00  the  hill-sides  and  slopes  of  the  valleys,  often  darker  in 
colour — ^but  almost  everywhere  full  of  rounded  trap  boulders*  from  a  few 

*  In  aone  ptrts  of  Noitfaombeitend  tbeaetnp  iMolden  an  tUIl  more  nomeftMis.  in  the 
«odBti7  wbien  •tratcbM  b«(weeQ  the  north  and  eonth  Tyne,  the  old  grMefleide  are  foil  ol 
tkon.  A  fttend  of  mine  Inibrme  me  thai  In  ploaghlnK  oufta  nine-aera  field  on  Ma  eaUMe  la 
thatdtacriet,  there  weradngoat  andcairied  off  noleaathaaSOOtouof  foehnUadawnas, 
fraalwdaoiaUt 
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pcranas  to  many  fooB  in  weight.  These  are  generally  dug  np  when  they 
otetrnct  the  pioagh,  and  are  sold  for  mending  the  roads  at  about  6s.  a 
ton.     This  clay  raries  in  depth,  from  one  or  two,  to  tifcy  or  sixty  feet. 

2^.  Beneath  the  clay  occurs  an  accumulation  of  fine,  generally  yel- 
low, more  rarely  red,  sand,  intermixed  with  occasional  layers  and 
Rmnd  hills  of  gravel— with  frequent  black  streaks  of  rounded  coal  dust, 
and  here  and  there  with  nests  of  rounded  lumps  of  coal,  from  half  an 
inch  to  ^ve  or  six  inches  in  diameter.  This  coal  is  sometimes  so  abun- 
dant as  to  be  collected  and  sold  for  burning. 

The  gravels,  where  they  overlie  the  coal  measures,  consist  chiefly  of 
rounded,  and  on  the  upper  part  occasionally  of  large  angular  masses 
of  coal  sand-stones— with  here  and  there  a  fragment  of  trap,  of 
mountain  lime-stone,  or  of  some  of  the  older  rocks  to  be  met  with  in 
the  mountainous  districts  towards  the  west.  Ovgr  the  magnesian  lime- 
ttope^  however,  in  the  south-eastern  division  of  the  county,  towards  the 
loot  of  the  south-eastern  slope  of  the  magnesian  lime-stone  hills,  the  gra- 
vels which  exhibit  in  some  places  (Wynyard)  an  irregular  stratification, 
contain  many  rounded  masses  of  inagnesian  lime-stone,  and  even  of 
D^w-red  sand-stone— the  evident  debris  of  adjacent  rocks  long  ago  bro- 
ken up. 

3^.  The  undermost  layer  which  rests  immediately  upon  the  subjacet 
rocks  consists  of  a  stiflT  unstratified  blue  clay  ofien  full  of  trap  boulders 
bnt  containing  also  occasional  large  rounded  masses  of  blue  lime-stone 
—and  smaller  pebbles  of  quartz,  of  granite,  and  of  the  older  slate  rocks. 
In  many  localities  this  clay  is  wanting,  and  the  sands  or  gravels  rest  im- 
mediately upon  the  carboniferous  or  magnesian  lime-stone  rocks— while 
m  some  tracts,  both  this  and  the  upper  clay  appear  to  degenerate  into  a 
atony  most  unmanageable  clayey  gravel.  I  am  not  aware  that  the 
large  whin  (trap)  boulders  are  ever  met  with  in  the  beds  of  sand. 

The  following  diagram  exhibits  the  mode  in  which  these  drifted  mate- 
rials present  themselves  in  the  neighbourhood  of  the  city  of  Durham* 
The  cross  (f )  indicates  very  nearly  the  site  of  Durham  on  the  banks  of 
the  river  Wear. 


No.  1  represents  the  coal  measures. 

2.  The  lower  new-red  sand-stone,  here  soft  and  pale  yellow. 

3.  The  magnesian  lime-stone  rising  into  a  high  escarpment  from  3  to 
6  miles  south  of  the  city. 

4.  Yellow  loose  sand — ^with  rolled  sand-stones  and  coal-drift— occa- 
sionally stratified.  It  forms  the  numerous  picturesque  round  hills  in  the 
neighlwufhood  of  the  city,  and  varies  from  a  few  feet  to  not  less  than  120 
feet  in  thickness. 

6  is  the  upper  clay,  with  boulders.  N  indicates  Framwellgate 
Moor,  where  it  is  only  a  few  feet  thick.  At  S,  on  the  southern  slope  of 
the  escarpment,  it  some'imes  rests  immediately  on  the  rock  as  here  re- 
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presented— io  which  case  it  is  difficult  to  decide  whether  it  should  be  coo* 
sidered  as  the  under  or  the  upper  clay— though  in  other  spots  both  saod 
and  clay,  or  gravel  and  clay,  present  themselves. 

It  will  at  once  occur  to  you  from  the  inspection  of  this  diagram,  that 
the  general  character  of  the  soil  in  the  county  of  Durham,  wherever 
such  accumulations  of  drifted  matter  occur,  is  not  to  be  judged  from  tho 
nature  of  the  rocks  on  which  they  are  known  to  rest.' 

Another  fact,  not  unwonhy  of  your  attention,  is  the  rapid  aliemations 
of  light  and  heavy  soil,  of  saoda  or  gravels  and  clays,  which  present 
tliemselves  in  the  same  district,  I  may  say  in  the  same  farm,  and  often 
in  the  same  field.  This  arises  from  the  irregular  iluckness  of  the  de- 
posit of  sand  or  gravel  over  which  the  upper  clay  rests.  The  surface 
of  thb  sand  is  undulating,  as  if  it  had  formed  a  country  of  round  hiUs 
before  the  clay  was  deposited  upon  it.  This  appears  in  the  following 
diagram,  which  represents  the  way  in  which  the  several  layers  are  teea 
to  occur  in  the  Crindon  cut  on  the  Hartlepool  railway :— - 


Here  1  is^the  magnesian  lime-stone,  not  visible ;  2,  the  under  day. 
with  boulders ;  3,  the  saxkl  rising  in  round  hills,  and  hero  and  there 
piercing  to  the  surface ;  and  4,  the  upper  boulder  clay. 

In  the  county  of  Durham  it  is  a  very  usual  expression  that  ihe^ope 
of  the  hills  are  light  turnip  soil — but  that  they  faU  off  to  clay.  Both  the 
meaning  and  the  cause  of  this  are  explained  by  the  above  diagram. 

Nor  is  this  mode  of  occurrence  rare  among  the  alternate  sands  and 
clays  of  which  the  superficial  accumulations  in  various  pans  of  the 
country  consist.  Nearly  the  same  circumstances  give  rise  to  the  rapid 
changes  so  freouently  observed  in  the  character  of  ihe  soil,  as  we  pass 
from  field  to  field,  not  in  this  county  only,  but  in  various  other  parts  of 
our  island. 

§  7.  How  far  these  accumulations  of  driji  interfere  unih  the  general 
deductions  of  AgncuUural  Geology. 

Thus  it  apj>ears,  that  over  the  eastern  half  of  the  county  of  Pur- 
ham,  and  over  large  pordons  of  other  counties,  the  soils  are  found  to 
teat  ufxm  and  to  derive  their  character  from  accumulations  of  drifted 
materials  more  or  less  diflerent  in  their  nature  from  the  rocks  that  lie 
beneath. 

But  in  the  preceding  lecture  I  have  endeavoured  to  show  you  that 
soils  are  derived  firon  the  rocks  on  which  they  rest,  and  to  impress  upon 
you  the  close  general  relation  which  exists  between  the  kind  of  rocks  of 
which  a  country  is  composed,  and  the  kind  of  soils  by  which  its  sur&ce 
is  overspread. 

How  are  these  apparent  contradictions  to  be  reconciled  ?    How  is  any 


ilegne  of  order  to  be  evoWed  out  of  this  apparent  confuMon  ?  Are  tha 
|eaeml  lodknidmis  ofagrkulturBl  geoiogy  ^Leeture  xi.,  {  8, )  etiH^  io  any 
decree,  to  be  relied  upon  ? 

They  are,  and  for  the  following,  among  other  reasonet 

1°.  It  ia  still  gtntfaUif  true  that  where  a  considerable  extent  of  conn* 
Inr  resu  upon  any  known  roc-k,  the  eoil  in  that  diatrSct  derives  its  usual 
character  fh>n]  the  nature  of  that  rock.  Thus  though  large  portions  of 
'  Cheshire  and  Lancashire  are  covered  with  drift,  yet  the  soil  of  these 
counties,  ti^en  as  a  whole^  has  the  general  characters  of  the  soils  of 
The  new-red  sand-^tone,  which  in  that  part  of  England  b  so  largely  de* 
Veloped. 

2°.  Where  the  drift  overspreads  atty  large  area>  it  is  found. to  become 
gradually  mixed  up  with  the  fra^ents,  lars:e  and  small,  of  the  rocks 
upon  which  it  reposes.  Thus  m  the  neighbourhood  of  Durham,  the 
tound  hills  of  sand  and  gravel  with  intermingled  coal  consist  in  great 
pan  of  the  ruins  of  the  sand-stones  of  the  country  itself— while  the 
tilays,  no  doubt,  are  partly  derived  from  the  shale  beds  which  occur  in* 
termingled  with  ihe  sand-stones  of  the  same  coal  measures.  Hence  the 
aoils  of  the  northern  half  of  this  county,  in  general,  still  partake  of  the 
usual  quaUties  of  those  of  the  coal  measures  and  tnill-sione  grit  (pp. 
349  and  250).  In  the  western  end  higher^  part  of  the  district  they  he 
more  immediately  on  the  rocks  from  which  they  have  been  derived, 
while  on  the  eastern  half  thcv  rest  on  a  mixture  of  the  accumulated 
ruins  of  the  same  rocks,  ^hicn  have  been  transported  by  natural  agents 
to  a  greater  or  less  distance  from  their  natural  site. 

It  is  true  that  there  are  mixed  up  with  these  many  portions  of  other 
rocks  brought  from  a  still  greater  distance,  but  these  bear  bot  a  small 

Eroportion  to  the  entire  mass,  and  hence  have,  generally  speaking,  but 
ale  influence  in  altering  the  mineral  character  of  the  whole. 
3^.  It  may  indeed  be  stated  as  generally  true,  that  the  greater  propor- 
tion of  tlie  transported  materials  which  lie  upon  any  spot  has  been 
brought  only  a  comparatively  small  distaoce.  Thus  the  sands  and  gra- 
vels in  the  county  of  Durham — to  the  west  of  the  magnesian  lime- 
atone— consist  chiefly  of  the  fragments  of  the  coal  measures.  East  and 
aouth  of  the  magnesian  lime-stone  escarpment  (diagram,  p»  271),  they 
become  mixed  with  rounded  masses  of  this  lime-stone.  On  the  new- 
red  sand-stone  of  the  south-east  of  the  county,  they  consist  chiefly  of 
magnesian  lime-stone  mixed  with  fragments  of  tne  rsd  sand-Hston^— 
•pd  on  crossing  the  Tees,  the  debris  of  the  lias  bills  begins  to  appear 
atnong  them. 

In  countries,  therefore,  where  drifted  sands  and  travels  prevail  on  the 
•orface,  they  geoerally  consist  of  the  fragments  ofrocks  which  lie  at  no 
great  distance— generally  towards  the  higher  ground— the  natural  ten- 
dency being  for  the  debns  of  one  kind  of  rock,  or  of  one  formation,  to 
cveHap^  to  a  greater  or  less  extent  the  surface  of  the  atihoining  rock  or 
formation.  By  this  overlapping,  Ihe  geographical  position  of  a  given 
soil  isjremoved  lo  a  greater  or  less  distance  beyond  the  line  indicated  by 
the  geological  position  of  the  rocks  from  which  it  is  derived.  Tf)us,  a 
eoal  measure  soil  may  overspread  part  of  the  ihagnesian  lime-stone— 
•  red  sand-stone  soU  may  panially  cover  the  lias,  and  so  on — the  general 

• 
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chaiacten  and  distinctions  of  die  soil  peculiar  to  each  lock  being  stilt, 
preserved  beyond  the  spaces  npon  which  they  have  been  accidentally 
intermingled. 

4°.  To  this,  and  to  each  of  the  other  statements  above  made,  there  are 
many  local  exceptions*  For  instance,  what  is  true  of  sands  and  gravels, 
will  not  so  well  apply  to  the  fine  mud  of  which  many  clays  are  formed. 
Once  commit  these  to  the  water,  and  if  it  has  any  motion,  they  may  be 
transported  to  very  creat  distaoces  fiom  their  original  site.  Rivers, 
lakes,  and  seas,  are  me  agents  by  which  these  extensive  diflfusions  are 
effected.  The  former  produce  what  are  called  alluvial  formations  or  de- 
posits; which  are  generally  rich/ in  all  the  inorganic  substances  that 
plants  require,  and  hence  yield  rich  returns  to  the  agricultural  labourer. 
They  are  usually,  however,  distinguished,  and  their  boundaries  marked, 
by  the  geologist— eo  that  the  soib  which  repose  upon  them  do  not  con- 
tradict any  of  the  general  deductions  he  is  prepared  to  draw,  in  regard  to 
the  general  agricultural  capabilities  of  a  country,  from  the  kind  c^rocka 
of  which  it  consists. 

Thus  though  the  occurrence  of  extensive  fields  of  drift  over  varioiw 
parts  of  almost  every  country,  does  throw  some  further  difficulty  over 
the  researches  of  w  agricultural  geologist,  and  requires  from  him  the 
application  of  greater  skill  and  caution  before  be  pronounce  with  cer- 
tainty in  regard  to  the  agricultural  capabilties  of  any  spot  before  he  visit 
it— yet  it  neither  oootre^icts  the  general  deductions  of  the  geologist  nor 
the  special  conclusions  he  would  be  entitled  to  draw  in  regard  to  the 
ability  of  any  country,  when  rightly  cultivated,  to  maintain  in  comfbit 
a  more  or  less  numerous  population.  The  poUUcal  economist  may  still, 
by  a  survey  of  the  geological  map  of  a  country,  pronounce  with  some 
confidence  to  what  degree  the  agncuUural  riches  of  that  coontry  might 
by  iudustnr  and  skill  be  brought — ^and  which  districts  of  an  entire  conti- 
nent are  fitted  by  nature  to  maiotain  the  most  abundant  population. 
The  intending  emigrant  may  still,  by  the  same  means,  say  in  what  new 
land  he  is  most  likely  to  find  a  propitious  soil  on  which  to  expend  hb 
labour— or  such  mineral  resources  as  will  best  aid  his  agricultural  pur- 
suits ;— 'While  a  careful  study  of  the  geological  map  of  his  own  country 
will  still  enable  the  skilful  and  adventurous  farmer  io  determine  in  what 
counties  he  will  meet  with  soils  that  are  suited  to  that  kind  of  practice 
with  which  he  is  most  familiar— or  which  are  likely  best  to  rewanJ 
him  for  the  application  of  the  newest  and  most  approved  methods  of 
culture. 

Still  there  are  some  aids  to  this  kind  of  knowledge  yet  wanting.  We 
have  gedogiccd  maps  of  all  our  counties,  in  which  the  boundaries  of  the 
several  rocky  formations  are  more  or  less  accurately  pointed  out,  and 
from  these  maps,  as  we  have  seen,  much  valuable  agricultural  informa- 
tion may  be  fairly  deduced.  We  have  also  agricultural  maps  of  many 
counties,  compiled  with  less  care,  and  often  with  the  aid  of  little  geolo- 
gical knowledge,  as  that  of  Durliam  in  Bailey's  *  View  of  the  Agricul- 
ture of  the  County  of  Durham,'  published  io  1810.  But  agriculture 
now  requires  geological  maps  of  her  own — which  shall  exhibit  not  only 
the  limits  of  rocky  formations,  but  also  the  nature  and  relative  extent 
of  the  superficial  deposits  (drifis),  on  which  the  soils  so  often  rest,  and 
from  which  they  are  not  unfrequently  formed.    These  would  afford  ■ 
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■are  basis  on  which  to  rest  oar  opinions  in  regard  to  the  agricultural  ca- 
pabilities of  the  several  parts  of  a  county'  in  which,  though  the  rocks  axe 
the  same,  the  soils  may  be  v<ery  ditTerent.  To  the  study  of  these  drifted 
materials,  in  connection  with  the  action  or  aocient  glaciers  (p.  269),  the 
attention  of  geologists  is  at  present  much  directed,  and  from  their  labours 
agriculture  will  not  fail  to  reap  her  share  of  practical  benefit-^the  geolo* 
gical  survey,  also,  so  ably  superintended  by  Mr.  De  La  Beche,  is  cd^- 
lecting  and  recording  much  valuable  information  in  regard  to  the  agri- 
cultural geology  of  the  southern  counties*— but  it  is  not  unworthy  the  con- 
sideration of  our  leading  agricultural  societies— whether  some  portion  of 
their  encouragement  might  not  be  beneficially  directed  to  the  preparation 
ofa^cuUural  maps,  which  should  represeat,  by  diflferent  colours,  the  agri- 
cultural capabilities  of  the  several  parts  of  each  county,  based  upon  a 
knowledge  of  the  soils  and  sub-soils  of  each  parish  or  township,  and  of 
the  rocks,  whether  near  or  remote,  from  which  they  have  been  severally 
derived. 

Before  leaving  this  subject,  I  will  call  your  attention  to  one  practi- 
cal application  of  this  knowledge  of  the  extensive  prevalence  of  drifts, 
which  is  not  without  its  value.  Being  acquainted  with  the  nature  of  the 
locks  in  a  country,  and  wiih  its  physical  geography—that  is,  which  of 
these  rocks  form  the  hills,  and  which  the  valleys  or  plains^-we  can  pre- 
dict, in  general,  that  the  materials  of  the  hills  will  be  strewed  to  a  greater 
or  less  distance  over  the  lower  grounds,  and  that  these  lower  soils  will 
thus  be  more  or  less  altered  in  their  mineral  character.  And  when  the 
debris  of  the  hills  is  of  a  more  fertile  character  than  that  of  the  rocks 
which  form  the  plains,  that  the  soils  will  be  materially  improved  by  this 
covering:— the  soil  of  the  mill-stone  grit,  for  example,  by  the  debris  of 
the  mountain  lime-stone,  or  of  a  decayed  green-stone  or  a  basalt.  On 
the  other  hand,  where  the  higher  rocks  are  more  unfruitful,  and  the  low 
lands  are  covered  with  sterile  drifted  sands  brought  down  from  the  more 
elevi^ed  grounds— a  knowledge  of  the  nature  of  the  subjacent  rock  may 
at  once  suggest  the  mettss  of  ameliorating  and  improving  the  dn promis- 
ing surfcuie-drift.  Thus  the  loose  sand  of  Norfolk  is  fertilized  by  the 
subjacent  chalk  marl;  and  even  sterile  heaths  (Hounslow),  on  which 
DOthing  grew  before,  have,  by  this  means,  been  made  to  produce  luxu- 
riant crops  of  every  kind  of  grain. 

.  §  8.  Cy  superjicial  accumvlaiionB  of  PtaU 
Of  superficial  accumulations,  that  of  peat  is  one  which,  in  the  United 
Kingdom,  covers  a  very  large  area.  In  Ireland  alone,  the  extent  of  bog 
is  estimated  at  2,800,000  acres.  None  of  the  drifted  materials  we  have  con- 
sidered, therefore,  would  appear  so  likely  to  falsify  the  predictions  of  the 
geologist,  who  should  judge  of  the  soils  of  such  a  country  from  informa- 
tion in  regard  to  the  rocks  alone  on  which  they  rest— from  a  geological 
map  for  example— as  the  occurrence  of  these  peat  bogs.  Yet  there  are 
certain  facts  connected  with  the  formation  of  peat,  which  place  him  in 
some  measure  on  his  guard  in  reference  even  to  accumulations  of  vege- 
table matter  such  as  these. 

1^.  There  is  a  certain  range  of  temperature  within  which  alone  peal 
seems  capable  of  being  produced.  Thus,  at  the  level  of  the  sea,  it  is 
never  found  nearer  the  equator  than  between  the  40°  and  45°  of  latitude; 
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while  its  limit  ttnTBids  tbe  poles  uppean  to  be  within  the  60th  degreo. 
It  is  a  product,  therefore,  chiefly  of  the  temperBte  regions. 

StilU  on  the  eqnator  itself,  at  a  sufficient  altitude  above  the  s6b,  the 
temperature  may  be  cool  eooogh  to  permit  the  growth  of  peat.  Henoei^ 
though  on  the  plains  of  Italy  no  peat  is  formed,  yet,  on  the  higher  Ap-> 
penines,  it  may  be  here  and  there  met  with,  among  the  maiaby  basins^ 
and  on  the  nndrained  mountain  sides. 

2^.  The  occuxrence  of  sta|[nant  water  is  necessary  for  the  productioa 
of  peat.  Hence,  on  impervioos  beds  of  clay,  through  which  the  xaina 
and  springs  can  find  no  outlet,  the  fonnation  of  peat  may  be  expected. 
Thus  on  the  Oxford  clay  repose  the  fens  of  Lancoln,  Cambridge  and 
Huntingdon  (p.  246).  On  impervious /rocks  also,  peat  bogs  form  for  m. 
similar  reason.  The  new-red  sand-stone  is  occasionally  thus  impervi- 
ous, and  on  it,  amonff  other  examples^  repose  the  Chat  moss,  the  tract  of 
peat,  mostly  in  culuvatioo,  which  lies  west  of  a  line  drawn  between 
Liverpool  and  Preston,  and  the  large  extent  of  ho^gj  country  which 
stretches  round  the  head  of  the  Solway  Firth.  On  the  old  nd  sand- 
stone, the  monntain  lime-stone,  the  slate,  and  the  ffranite  rocks,  muck 
peat  occurs,  and  it  is  on  these  latter  formations  that  the  extensive  bogs  of 
Scotland  and  Ireland  chiefly  rest. 

But  though  these  two  facts  are  of  some  value  to  the  politician  and  to 
the  geologist  in  indicating  in  what  countries  and  on  what  formations  peat 
may  be  expected  to  occur,  yet  they  are  of  comparatively  little  impor- 
tance to  the  practical  agriculturist.  It  is  of  far  more  consequence  to 
him  that  the  moment  he  casts  his  eye  upon  the  face  of  a  country  be  can 
detect  the  presence  or  absence  of  peat — that  none  of  the  perplexitLoa 
which  beset  the  nature  and  origin  of  other  superficial  accumulations  at- 
tach to  this— that  he  can,  at  once,  judge  both  of  its  source  and  of  Us  agri- 
cultural capabilities.  Though  produ^  on  a  given  spot,  because  rodcs 
of  a  certain  character  exist  there,  yet  its  origin  is  always  the  same— its 
qualities  more  or  less  uniform, — the  improvement  of  which  is  susceptible 
in  some  measure  alike,— and  the  steps  by  which  that  improvement  is  to 
be  efiected,  liable  to  variation,  chiefly  according  as  this  or  that  amelio- 
fating  substance  can  be  most  readily  obtained. 


LECTURE  Xra. 

Bnet  ^cfdiieii  oootiltiiiioo  of  tofto-mielr  orimle  eorndtoento   AmitjtiM  of 
aKion  of  certain  charaeteriflUc  aoUa— Pbyiricai  etanMlan  of  aofla. 

lie  the  two  preceding  lectures  we  have  considered  the  gCDeral  coneti- 
tuiioQ  and  origin  of  soils,  and  their  relation  to  the  geological  structure  of 
the  country  in  which  they  are  found,  and  to  the  chemical  cooiposiiion  of 
the  rocks  on  which  they  rest.  We  have  also  discussed  some  of  the 
causes  of  tlioee  remarkable  diflTerexxces  which  soils  are  known  to  present 
in  their  relations  to  practical  agriculture.  But  a  more  intimate  and  pre- 
cise acquaintance  with  the  chemical  constitution  of  soiU  is  not  unfre- 
quently  necessary  to  a  complete  understanding  of  the  causes  of  these  dif- 
ferences—of the  exact  effect  which  its  chemical  constitution  has  upon  the 
fertility  of  a  soil— «uid  of  the  remedy  which  in  any  given  circumstances 
ought  to  be  applied. 

some  per^ns  have  been  led  to  expect  too  much  from  the  chemical 
analysis  of  a  soil,  as  if  this  alone  were  necessary  at  once  to  explain  all  its 
qualities,  and  to  indicate  a  ready  method  of  imparting  to  it  every  desir- 
able quality,— while  others  have  as  far  depreciated  their  worth,  and  have 
pronounced  them  in  all  cases  to  be  more  curious  than  t»e/W.— [Boussin- 
gault,  *  Annal.  de  Chim.  et  de  Phi^s.'  Ixvii.,  p.  9.]  The  truth  here,  as 
on  most  other  subjects,  lies  in  the  middle  between  these  extreme  opinions. 

If  you  have  followed  me  in  the  views  I  have  endeavoured  to  press  upon 
yon  in  regard  to  the  necessity  of  inorganic  food  to  plants — which  food 
.  can  only  be  derived  from  the  soil,  and  which  must  vary  in  kind  and 
onantity  with  the  species  of  crop  to  be  raised,— you  will  at  once  perceive 
tliatthe  rigorous  analysis  of  a  soil  may  impart  most  valuable  knowledge 
to  the  practical  man  in  the  form  of  useful  suggestions  for  its  improvement. 
It  may  indeed  show  that  to  apply  the  onTy  available  substances  to  the 
soil  which  are  capable  of  remedying  its  defects,  would  involve  an  expense 
for  which,  in  existing  circumstances,  the  land  could  never  give  an  equiva- 
lent return.  Yet  even  in  tbis  lauer  case  the  results  of  analysis  will  not  be 
without  their  value  to  the  prudent  man,  since  they  will  aeter  him  from 
adding  to  his  soil  what  he  knows  it  already  to  omtain,  and  will  set  him 
upon  the  search  after  some  more  economical  source  of  those  ingredients 
which  are  likely  to  benefit  it  most. 

It  will  be  proper,  therefore,  to  tumour  attention  briefly  to  the  cooside-. 
ration  of  the  exact  chemical  constitution  of  soils. 

§  1.  Cfihe  exact  nature  of  the  organic  constituents  of  soils,  and  of  the 

mode  of  separating  them. 
We  have  already  seen  in  Lecture  XL,  p.  229,  that  all  soils  contaio  a 
greater  or  less  admixture  of  organic— -chiefly  veffetabl^— matter,  the 
total  amount  of  which  may  be  very  nearly  determined  by  burning  the 
dried  soil  at  a  red  heat  till  all  blackness  disappears  (p.  233).  But  thia 
vegetable  matter  consists  of  several  diflerent  chemical  compounds,  the 
nature  and  relative  weights  of  which  it  is  occasioQally  of  consequence  tc 
'  -  •♦M.  fn  determine. 
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l^.  fiWfiitw.— >The  general  name  of  bom  as  is  given  to  the  fine,  brawn 
light  powder  which  imparts  their  richness  to  vegetable  moolds  and  gar- 
den soils.  It  is  formed  from  the  gradual  decomposition  of  vegetable 
matter,  exists  in  all  soils,  forms  (be  substance  of  p«at,  and  consists  of  a 
mixture  of  several  ditferent  compoonds  which  are  naturally  produced 
diiring  tbe  decay  of  the  different  parts  of  plants.  It  is  distiDguisbed  into 
nUld,  taur^  BtiA  coaly  humns. 

The  mild  gives  a  brown  colour  to  water,  but  does  not  render  it  soar, 
gives  a  dark  brown  solntioif  when  boiled  with  carbonate  of  soda,  evolves 
ammonia  when  heated  with  caustic  |x>tash  or  soda  or  with  slaked  lime« 
and  leaves  an  ash  when  burned  which  contains  lime  and  magnesia. 
The  sour  gives,  with  water,  a  brown  solution  of  a  more  or  lea  soar 
taste,  [or  reddens  vegetable  blue»— see  page  45.1  This  variety  is 
less  favourable  to  vegetation  than  the  former,  and  indicates  a  want  of 
lime  in  the  soil.  The  cocdy  humus  gives  little  colour  to  water  or  to  a 
hot  solution  of  carbonate  of  soda,  leaves  an  ash  which  contains  little 
lime,  occurs  generally  on  the  surface  of  very  sandy  soils,  and  is  very  un- 
fruitful. It  is  greatly  ameliorated  by  the  addition  of  lime  or  wood 
ashes. 

2^.  Humic  aeid^^^Wheii  a  fertile  soil  or  a  piece  of  dry- peat  is  boiled 
with  a  solution  of  the  common  carbonate  of  soda  cff  the  shops,  a  browp 
solution,  more  or  less  dark,  is  obtained,  from  which,  when  diluted  muri- 
atic acid  (spirits  of  salt)  is  added  till  the  liquid  has  a  distinctly  sour 
taste,  brown  flocks  becin  to  fall     This  brown  flocky  matter  is  kwme  add> 

3°.  Ulnnc  acid. — if,  instead  of  a  solutidu  of  carbonate  of  soda,  one 
of  caustic  ammonia,  (the  hartshorn  of  the  shops,)  be  digested  upon  tbe  soil 
or  peat  by  a  gentle  heat,  a  more  or  less  dark  brown  solution  is  obtained, 
which,  on  the  addition  of  muriatic  acid,  gives  brown  flocks  as  before* 
but  which  now  consists  of  uZmtc  acid. 

These  two  acids' combine  with  lime,  magnesia,  alumina,  aAd  oxide  of 
iron,  forming  compounds  (salts)  which  are  respectively  distinguished  by 
the  names  of  humates  and  ulmales.  They  probably  both  exist,  ready 
formed,  in  the  soil  in  variable  proportions,  and  in  combination  with  one 
or  more  of  the  earthy  substances  above  mentioned— lime,  alumina,  &c. 
They  are  produced  by  the  decay  of  vegetable  matter  in  the  soil,  which 
decay  is  materially  facilitated  by  the  presence  of  one  or  other  of  these 
substances,  aud  by  lime  especially— on  the  principle  that  the  formation 
of  acid  com]x>unds  is  in  all  such  cases  much  promoted  by  the  presence 
of  a  substance  with  which  that  acid  may  combine.  'I^iey  predispote 
organic  substances  to  the  formation  of  such  acids,  and  consequently  to 
the  decomposition  by  which  they  are  to  be  produced.  These  two  acids 
consist  respectively  of 

Humic  MkL  ClmJe  aeid. 

Carbon 63  57 

Hydrogen 6  4} 

Oxygen 31  38| 

100  100 

Some  writers  upon  agriculture  have  supposed  that  these  acids  con- 
tribute very  materially  to  tbe  support  of  growing  plants.    But  Liebig 
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has  very  properly  objected  to  thiB  opiDum,*  tbitt  they  are  so  Tery  sparingly 
soluble  in  water  that  we  cannot  suppose  them  to  enter  directly  into  the 
roots— even  were  all  the  water  they  absorb  to  be  saturated  with  them— 
in  such  quantity  as  to  contribute  in  a  great  degree  to  the  organic  matter 
contained  in  almost  any  crop.f 

We  have  indeed  seen  reason  to  conclude  on  other  grounds,  that  only  a 
small,  though  a  variable,  proportion  of  (he  carbon  of  plants  is  derived 
IVom  the  soil,  yet  of  this  proportion  a  certain  quantity  may  enter  by  the 
roots  in  the  Ibrm  of  one  or  other  of  these  acids,  or  of  their  earthy  com- 
pounds. They  are  readily  soluble  in  ammonia ;  and  animal  manares 
which  give  off*  this  compound  in  the  soil  may  therefore  facilitate  their 
entrance  into  the  roots  of  those  plants  which  are  cultivated  by  the  aid  of 
such  manures.  They  are  also  soluble  in  carbonate  of  potash  and  car- 
bonate of  soda,  which  are  contained  in  wood  ashes  ana  in  the  ash  of 
weeds  and  of  soils  which  are  pared  and  burned.  When  these  substan- 
ces, therefore,  are  applied  to  the  land,  they  may  combine  with,  and, 
among  their  other  beneficial  modes  of  action,  may  serve  to  introduce, 
'these  acids  ID  larger  quantity  into  the  plant. 

When  exposed  to  the  air,  the  humaies  and  ulmates  contained  in  the 
soil  undergo  decomposition,  give  off  carbonic  acid,  and  are  changed  into 
carbonatee.  The  admission  of  air  into  the  soil  facilitates  this  decom po- 
sition, which  is  supposed  to  be  continually  going  forward — and  it  is  in  the 
form  of  this  gas  that  plants  are  considered  by  some  to  imbibe<the  largest 
portion  of  that  carbon  fbr  which  they  are  indebted  to  the  soil. 

4^.  Crenie  and  Aprocrenic  acid9.^^WheB  soils  are  digested  or  washed 
with  hot  water,  a  quantity  of  organic  matter  is  not  unfreqoently  dissolved, 
which  imparts  to  the  water  a  brownish  yellow  colour.  When  the  solu- 
tion is  evaporated  to  dryness,  there  remains  besides  the  soluble  saline 
substances  of  the  soO,  a  variable  portion  of  brown  extractive  looking 
matter  also,  which  is  a  mixture  of  the  two  acids  here  named,  with  the 
nlmic  and  humic— all  in  combination  with  lime,  alumina,  and  other  bases. 
When  this  residue  is  dried  at  230^  F.,  the  two  latter  acids,  and  their 
compounds,  become  insoluble,  while  the  crenaUs  and  apocrenates,  more 
especially  the  former,  remain  soluble  in  water,  and  may  be  separated 
by  washing  with  this  liquid. 

These  acids  also  are  formed  in  the  soil  during  the  decay  cf  vesetable 
matter.^  They  are  distinguished  from  the  two  previously  descrioed  by 
containing  nitrt^n  as  an  essential  constituent,  ana  by  forming  compounds 
with  lime,  &c.,  which  are,  for  the  most  part,  readily  soluble  in  water. 
Hence  they  will  both  prove  more  nourishing  to  plants— in  virtue  oT  the 
nitrogen  they  contain—- and  in  consequence  of  their  solubility,  will  be  able« 
where  they  exist,  to  enter  more  readily,  and  in  greater  abundance,  into, 
the  roots  than  either  the  ulmic  or  the  humic  acid. 

Owing  \o  this  solubility,  also,  they  are  more  readily  washed  out  of  the 
•ol  by  the  rains,  and  hence  are  rarely  present  in  any  considerable  quau- 

t  Ulmie  Mid raqolrM  2600  timMta  weMitor wiMr  to dlMotre tt-«laMl»or  Ume  9000 
ttSMs,  and  almalf  of  alaiDiQa  4900  time*— oat  all  are  aCill  laaa  aolaUe  after  ihay  have  been 
perlbelif  dried,  or  ezpoeed  to  the  actton  of  a  bard  wtoter'a  froet  The  olmatefl  of  poCaah, 
aodi^  and  alnainai  era  all  diaaolted  in  waier  with  oooalderBhle  eaee. 
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lity  in  specunens  of  toil  which  are  submitted  to  analysis.  They  afe  fh* 
qtientlvt  however,  met  with  in  springs  and  in  the  droLnings  of  the  land« 
They  nare  even  been  found  in  minute  quantity  in  rain-water,*  itu  prcH 
bable  that  they  ascend  into  the  air  in  very  small  proportbn  with  the 
watery  vapour  that  rises.  This  exhibits  ainother  form,  therefore^  in 
which  the  rains  may  minister  to  the  growth  of  plants  (see  page  36). 

Both  acids  form  msoluble  compounds  with  the  peroxide  ofiron — and 
hence  are  found  in  combination  with  many  of  the  ochrev  deposits  from 
ferruginous  sprinas,  and  with  the  oxide  of  iron  by  which  so  many  soils 
are  coloured.  The  apocrenic  acid  has  also  a  peculiar  tendency  to  com- 
bine with  alumina,  with  which  it  forms  a  compound  insoluble  in  water* 
and  in  this  state  of  combinatbn  it  probably  exists  not  unfrequently,  espe- 
cially in  clayey  soils. 

When  heated  with  newly  slaked  quick-lime  these  acids  give  off  am- 
monia and  carbonic  acid.  By  the  action  of  the  air,  and  of  lime  in  the 
soil,  they  are  probably  decomposed  in  a  nmilar  manner,  though  with 
much  less  rapidity. 

5°.  Mtidesous  acid  is  another  dark  brown  acid  substance,  which  is  also 
produced  naturally  in  the  soil.  It  resenables  the  apocrenic,  in  haviog 
a  strong  tendency  to  combine  with  alumina.  In  union  with  this  acid  it 
is  slowly  washed  out  of  the  soil  by  the  rains,  or  fillers  through  it  when 
the  water  can  fijml  an  outlet  beneath.  This  is  seen  to  be  the  case  iu  some 
of  the  caves  on  the  Cornish  coast,  where  the  waters  that  trickle  through 
£rom  above  have  gradually  deposited  on  their  roof  and  sides  a  thick  in* 
crustation  of  mvuUsiU  of  alumifia*\ 

,  Besides  these  acids,  it  is  known  that  the  malic  and  the  acetic  (vine- 
gar) are  occasionally  produced  in  the  soil  during  the  slow  decay  of  vege- 
table matter  of  different  kinds.  It  is  probable  that  many  other  analo- 
gous compounds  are  likewise  formed^which  are  more  or  less  soluble  in 
water,  and  more  or  less  fitted  to  aid  in  the  nourishment  of  plants.  There 
is  every  reason  to  believe,  indeed,  that  organic  substances  in  the  soil  pass 
through  many  successive  stages  of  decomposition,  at  each  of  which  they 
assume  new  properties,  and  become  more  or  less  capable  of  aiding  in 
the  support  of  living  races.  The  subject  is  difficult  u>  investigate,  be- 
cause of  the  obstacles  which  lie  in  the  way  of  exactly  separating  from 
each  other  the  small  quantities  of  the  difierent  organic  compounds  that 
occur  mixed  up  together  in  the  soil.  But  it  seems  quite  clear,  that  while 
some  af  ricttltural  chemists  have  erred  in  describing  the  ulmic  and  hu- 
mic  acids  as  the  immediate  source  of  a  large  portion  of  the  carbon  of 
plants,  others  have  no  less  misstated — ^as  I  apprehend^the  true  course 
of  nature,  who  deny  any  direct  influence  to  tuese  and  other  substances 
of  vegetable  origin,  and  limit  their  use  in  the  soil  to  the  supply  of  car- 
bonic acid  only,  which,  on  their  ultimate  decomposition,  they  are  capa- 
ble of  yielding  to  the  roots.  The  resources  of  vegetable  life  are  not  ao 
limited;  but  as  the  human  stomach  can,  and  does,  on  occasion,  convert 
into  nourishment  many  difierent  oom^VKiods  of  the  same  elements,--<o, 
na  doubt,  many  of  those  organio  compouods  which  are  piodaoed  ia  the 
soil,  or  in  fermenting  manure  daring  die  decay  of  animal  and  vegetable 
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bodies,— when  once  admitted,  in  oonsequence  of  their  solnbtlity,  into  tiio 
eiiculating  system  of  plants,— -are  converted  into  portions  of  their  sub- 
stance, and  really  do  minister  to  their  natural  growth. 

SeparaiUm  of  these  Organie  CoTutUMent$^~^l°.  When  on  washing 
with  not  water  a  soil  imparts  a  oolotir  to  the  solution,  the  liquid  must  be 
filtered  and  evaporated,  to  perfect  dryness.  On  treating  with  water 
what  remains  after  the  evaporation,  the  humic  acid  and  hn mates  remmo 
insoluble,  while  the  crenic  and  apocrenic  acids  are  taken  up  by  the  wa- 
ter aJong  with  the  soluble  saline  matter  which  the  soil  may  have  con- 
tained. By  evaporating  this  second  solution  to  perfect  dryness,  weigh- 
ing the  residue,  and  then  heating  it  to  dull  redness  in  the  air,  the  loss 
will  indicate  something  more  than  the  quantity  of  these  acids  present  in 
the  soil.  By  homing  the  dried  insoluble  matter,  also,  the  quantity  of 
faamic  acid  present  in  it  ma^  in  like  manner  be  determined. 

2°.  After  being  washed  with  pure  water,  the  soil  4S  to  be  boiled  with 
a  solution  of  carbonate  of  soda,  repeated  once  or  twice  as  long  as  a  brown 
solution,  more  or  less  dark,  is  obtained.  Being  filtered,  and  then  ren- 
dered sour  by  muriatic  acid,  brown  flocks  fall,  which  being  collected  on 
the  filter,  perfectly  dried  and  weighed,  give  tibie  quantity  of  Aumtc  add 
in  the  soil.  As  tnis  dry  humic  acid  ffenerally  contains  some  earthy 
matter,  it  is  more  correct  to  bum  it,  and  to  deduct  the  weight  of  the  ash 
which  may  be  left. 

3°.  The  insoluble  (coaly)  humus  still  remains  in  the  soil.  On  boilinc 
it  now  in  a  solution  of  caustic  potash  for  a  length  of  time,  and  till  a  fresh 
solution  ceases  to  become  brown,  the  coaly  humus  is  endrelydissolved— 
being  converted  according  to  Sprengel  into  humic  acid.  The  addition 
of  muriatic  acid  to  this  solution,  till  it  has  a  sour  tasie,  throws  down  the 
humic  acid  in  the  form  of  brown  flocks,  which  may  be  collected,  driedt 
and  weighed  as  before. 

4^.  If  there  be  any  mudesite  of  alumina  in  the  soil,  it  is  also  dis- 
solved by  the  potash,  but  is  not  thrown  down  when  the  solution  is  ren- 
dered sour  by  muriatic  acid.  The  entire  weight  of  organic  matter  in  the 
soil  being  therefore  determined  by  bumiog  it  in  the  air,  after  being 
perfectly  dried,  the  difference  between  this  weight  and  the  sum  of  those 
of  the  humic  acid  and  insoluble  humus  will  be  the  proportion  of  the 
other  acids  present.  Thus,  if,  bjr  burning  in  the  air,  tne  soil  lose  6  per 
cent.,  and  give  2  per  cent,  of  humic  acid,  and  2  of  insoluble  humus,  there 
remain  St  per  cent,  for  other  organic  substances  in  the  soil. 

In  general,  it  is  considered  sufficient  to  ascertain  only  the  whole  lost 
by  burning,  and  the  quantity  taken  op  by  carbonate  of  soda,  the  propor- 
tion of  the  other  subfl^ces  present  being  in  most  cases  so  small  as  to  bo 
capable  of  being  precisely  estimated  by  great  precautions  only. 

§  2.  Ontke  exact  chemical  cansHtiUum  of  the  earthy  part  of  the  soil. 

In  reference  to  the  general  origin  of  soils — to  their  geological  rela- 
tions— and  to  the  simplest  mode  of  classifying  them,*^I  have  shown  you 
that  the  earthy  part  of  nearly  all  soils  consists  essentially  of  sand,  clay, 
and  lime  (p.  230).  But  in  reference  to  their  chemical  relations  to  the 
plants  which  grow,  or  may  be  made  to  grow,  upon  them,  it  is  necessary, 
as  yoa  are  now  aware,  to  take  a  more  refined  and  exact  view  of  their 
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coDstitotum.  This  will  appear  by  referring  to  three  impoitaot  pnaei- 
ples  established  in  the  precc»tng  lectures. 

1^.  That  the  ash  of  plants  generally  contains  a  certain  sensible  pro- 
portion of  ten  or  twelve  different  inorganic  substances  (pp.  216  to  221). 

2^.  That  tbey  can,  in  general,  only  derive  these  substances  fiom  ih.9 
.soil,  which  must,  therefore,  contain  them  (p.  181).    And^-> 

3°.  That  the  fertility  of  a  soil  depends,  among  other  circomstancesy 
upon  its  ability  to  supply  readily  and  in  sufficient  abundance  all  the  in* 
organic  substances  whioh  a  given  crop  requires  (p.  228.) 

Now  the  quantity  of  some  of  these  substances  which  is  necessary  to 
plants  is  so  very  small,  that  nothine  but  a  refined  analysis  of  a  soilia 
capable,  in  many  cases,  of  deternMnmg  whether  they  are  present  in  it  or 
not^much  less  of  explaining  to  what  its  peeuhar  aefects  or  excellencies 
may  be  owing— what  ought  to  be  added  to  it  in  order  to  render  it  more 
productive^r  why  certain  remarkable  effects  are  produced  upon  it  by 
the  addition  of  mineral  or  animal  manures. 

Thus,  for  example,  half  a  grain  of  gypsum  in  a  pound  of  soQ  indicates 
the  presence  of  nearly  two  cwt.  in  an  acre,  where  the  soil  n  a  foot  deep,— 
a  quantity  much  greater  than  need  be  added  to  a  soil  in  which  gypsum 
is  almost  entirely  wantii^,  in  order  to  produce  a  remarkable  luxuriance 
in  the  red  clover  crop.  In  100  grains  of  the  soil,  this  quantiiy  of  gyp- 
sum amounts  only  to  seven-thousandths  of  a  min — (tAv*  ^  0-007 
grs.)«.a  proportion  which  only  a  very  carefully  conducted  analysts 
would  be  able  to  detect,  and  yet  the  detecting  of  which  may  alone  be  able 
to  explain  the  unlike  effects  which  are  seen  to  follow  the  application  of 
gypsum  to  different  soils. 

Again,  the  phosphoric  acid  is  a  no  less  necessary  constituent  of  the 
soil  than  the  sulphuric  acid  contained  in  fypsum.  This  acid  is  gener- 
ally in  combination  either  with  lime,  with  oxide  of  iron,  or  with  alu- 
mina—and, as  it  is  much  more  difficult  even  to  detect  than  the  suiphurie 
acid,  requires  more  care  and  akril  todetermme  its  quantity  with  any 
degree  of  accuracy,— and  is  generally  present  even  in  fertile  soils  in  a 
still  smaller  proportion— it  is  obvious  that  safe  and  useful  conclusions  can 
be  drawn  only  from  such  analyses  as  have  been  made  rigorously,  accofd- 
iog  to  the  best  methods,  and  with  the  greatest  attention  to  accuracy. 

There  are  cases^  -no  doubt,  where  a  rough  anailysis  may  be  of  use, 
where  the  cause  of  peculiarity  is  at  once  so  obvious  that  further  research 
is  unnecessary— as  where  mere  washing  with  water  ctissolvee  out  a 
noxious  substance,  such  as  sulphate  of  iron  (green  vitriol).  But  such 
cases  are  comparatively  rare,  and  it  more  frequently  happens,  that  the 
cau^  of  the  special  qualities  of  a  soil  only  begins  to  manifest  itself  when 
a  carefully  conducted  analysis  approaches  to  its  close.  I  shall,  therefore, 
briefly  describe  to  you  the  methods  to  be  adopted,  m  order  to  arrive  at 
these  more  accurate  experimental  results.  [As  these  methods  of  apalysis 
involve  considerable  detail,  I  have  transferred  them  to  the  Appendix.^- 
See  Appendix^  p,  25.] 
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§3.  Cf  ike  exad  chemical  consHtutum  ofcertmn  soiUf  and  of  tke  rendu 
to  he  deduced  frtnn  (hem. 

But  the  importance  of  this  attentioD  to  rigorous  analysis  will  more 
clearly  appear,  if  I  exhibit  to  you  the-  constitution  of  a  few  of  the  nume- 
rous soils  anal^rzod  by  Spreneei,  in  connection  with  the  agricultural  quali- 
ties and  capabilities  by  which  they  are  severally  distinguished. 

The  following  analyses  are  selected  fipm  a  much  greater  number  made 
try  Sprengel,  and  embodied  in  his  work  on  soils,  "  Die  Bodenkunde." 

1^^-FKATII.E  SOILS. 

Soils  are  fertile  which  contain  a  sufficient  sopply  of  all  the  mineral 
constituents  which  the  plants  to  be  grown  upon  them  are  likejy  to  re- 
quire* 

1®.  Potter^.— -The  following  norabeis  exhibit  the  constitution  of  the 
■orface  soil  in  three  fertile  alluvial  districts  of  Hanover,  where  the  land 
has  been  long  in  pasture. 

Sonoaar     From  the  banki  of  th«  Woter 
Oitafbnioh.       near  Hoya.    now  Weoerto 

Silica,  Qnartas,  Sand,  and  Silicates.  84-510  71*849  83-318 

Alumina 6-435  9-350  3085 

Oxides  of  Iron 2-395  6-410  5-840 

Oxide  of  Manganese    .    •    .    •      0-450  0-925'  0-620 

Lime 0-740  0-987      .    0-720 

Magnesia 0-525,  0*245  0-120 

Potash  and  Soda  extracted  by  water  0-009 '  0-007  0*005 

Phosphoric  Acid 0-120  0-131  0*065 

Sulphuric  Acid        •     .     .    •      .       0-046  0-174  0*025 

Chlorine  in  common  Salt      .    •      0*006  0-002  0-006 

Humic  Acid 0-780  1-270     ~     0-800 

Insoluble  Humus         ....      2-995  7-550  4-126 

Organic  matters  containing  Nitrogen  0*960  2-000  1-220 

Water 0-029  0-100  0-050 

100  100  100 

These  soils  had  all  been  long  in  pasture,  the  second  is  especially  cele- 
brated for  fattening  cattle  when  under  grass.  It  will  be  oheerved  that  in 
none  of  them  is  any  of  the  mineral  ingredients  wholly  wanting,  though 
in  all  the  quantity  of  potash  and  soda  capable  of  beinff  extracted  by 
"water  is  very  small.  This  is  ascribed  to  the  fact  of  their  having  been 
looff  in  pasture,  during  which  the  sopply  of  these  substances  is  gradually 
withdrawn  by  the  roots  of  the  grasses.  It  is  well  known  how,  m  our  or- 
dinary soils,  grass  is  oflen  renovated-*how  the  mosses,  especially,  are  de- 
stroyed—b^  a  dressing  of  wood  ashes,  which  owe  their  effect  to  the  alkidi 
they  contain.  In  the  above  soils  the  gradual  decompositbn  of  the  n/i- 
eaies  would  continue  to  sopply  a  certain  portion  of  alkaline  nutter  for  an 
indefinite  period  of  time. 

You  will  perceive  that  the  soil  which  is  the  most  celebrated  for  its^ot- 
iemng  yower,  is  also  the  richest  in  alumina,  lime,  phosphoric  acid,  sul- 
phmie  acid,  and  vegetable  matter.  \ 
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2^.  Arahle^'r'The  fbllcwing  table  exhibits  the  constitatioii  of  thrtis 
soiU,  celebrated  for  yielding  sacceeeive  crops  of  com  for  a  kmg  period 
without  manute* 


non  NobCKiliit 


SiHca  and  fine  Sand 
Alumina  '  .         •    • 
Oxides  of  Iron     •    • 
Oxide  of  Magnesia  • 

Lime 


77-309 
8*514 
6-5d2 
1-680 


Wxvm  tH«  tenki  of  th» 
OhUL  Nortb  America. 

eri43 

5-666 
2-220 
0-360 


3. 

FrDmlhepoUK 
ofAft-Areptaqpr 


04*261 
1-376 
2*336 
1-200 


0-927 


64-517 

4*810 

8*316 

0-800 

Oubof, 


Magnesia 1*160 

Potash  cbtefiy  eombiiwd 

with  Silica  ....    0*140 
Soda,  ditto       ....    0*640 
Phosphoric  Acid  combined 
with  Lime  and  Oside  of 

Iron 0*661 

Sulphoric  Acid  in  gypsom  0-011 
Chlorine  in  common  salt.  0*010 
Carbonic  Acid  anited  to  the 

Lime «— 

Humic  Acid      •    •    •     .  0-978 
InsoloUe  Hamns  .    .    •  0*540 
Organic  substances  con- 
taining Nitrogen         .    1*108 


0-564        0*243       iZT  9*403 
0-312        0-310    ^'ffi^lO-SOl 


0-120? 
0-025$ 


0*240 


trace- 
0034 
tnce 


CO- 

J  OH 


100 
013 


0-060 
0-027 
6*036 

0.080 
1.304 
1.072 


l-Oll        


1*221 

0009 
0-003 


0-447 


100 


100 


100 


100 


Of  these  soils,  the  first  had  been  cropped  for  160  years  snccessiTaly, 
without  either  manure  or  naked  follow.  The  second  was  a  virgin  sott, 
celebrated  for  its  fertility.  Thie  third  had  been  unmanured  for  twelve 
years,  during  the  last  nine  of  which  it  had  been  cropped  with  beana 
—barley — potatoes — ^winter  barley  and  red  clover— clover— winter  bar- 
ley— wheat— oat»— naked  fallow. 

^  Though  the  above  soils  differ  considerably,  as  you  see,  in  the  propor* 
tions  of  some  of  the  constituents,  yet  they  all  agree  in  this— that  they  are 
not  destitute  of  any  one  of  the  nuneral  compounds,  which  plants  necessa- 
rily require  in  sensible  quantity.  You  wul  also  observe  how  compara- 
tively small  a  proportion  of  vegetable  matter,  less  than  half  a  per  centi, 
is  contained  in-  die  fertile  Belgian  soil— a  foct  to  which  I  shall  by-and- 
by  recall  yonr  attention.  ., 

3°.  SmU  vkv^  hwot  a  natural  wurce  offerlxUiy — Soma  soils,  which 
by  their  constitution  are  not  fitted  to  exhibit  any  great  degree  of  feitilitY, 
or  for  a  very  kmc  period,  are  yet,  by  springs  or  otherwiset  so  constaottly 
supplied  with  soluble  saline,  and  other  substances,  as  to  enable  ihem  So 
^eld  a  succession  of  crops,  without  manure,  and  without  apxMirent  deCar 
Such  is  the  ease  with  the  following  soil  fimn  naar  Bodiaii* 


spftiHet  orrsv  sirBiai  tbs  mhij.  SB5 

felde,  in  Otnabruck,  which  givet  ex^Uent  crops,  though  maniirad  only 
once  in  10  or  12  yean. 

Silica  and  coaxw  Quarts  Sand     ....  86*200 

Alumina        12*000 

Oxides  of  Iron  and  a  little  Phosphoric  Acid  •  2*900 

Oxide  of  Manganese 0*100 

Carbonate  and  a  little  Phosphate  of  Lime   .  4*160 

Carbonate  of  Magnesia    ^ 0-520 

Potash  and  Soda 0*035 

Phon>horic  Acid 0*020     ^ 

Sulphuric  Acid 0*021 

Chlorine 0*010 

Humic  Acid ^ .  .  0*544 

Insoluble  Humus 3*370 

Org^mic  matter  containing  Nitrogen    •    .    .  0*120 

JOO 

You  will  see  that,  although  in  this  soil  all  the  inorganic  substances  are 
really  present,  yet  the  potash  and  soda«  the  phosphoric  and  sulphuric 
acids,  and  the  chlorine,  are  not  in  tuch  abundance  as  to  justify  us  in  ex- 
pecting it  to  grow  any  lonji;  succession  of  cropsy  without  exhibiting  the 
usual  evidences  of  exhaustion.  B  ut  it  lies  on  the  side  of  a  hill  which  con- 
tains lasers  of  lime-stone  and  marl,  through  which  the  surface  waters 
find  their  way.  These  waters  afterwards  rise  into  the  soil  of  the  field, 
impregnated  with  those  various  substances  of  which  the  soil  is  in  want, 
ana  thus,  by  a  natural  manuring,  keep  up  a  constant  supply  for  each  suc- 
ceeding crop. 

This  example  is  deserving  of  your  particular  attention,  inasmuch  as 
ther^  are  many  ^oils,  in  climates  such  as  ours,  which  are  yearly  refresh- 
ed from  a  similar  souice.  Few  spring  waters  rise  to  the  surface  which 
are  not  fitted  to  impart  to  the  soil  some  valuable  ingredient,  and  which,  if 
employed  ler  the  purposes  of  irrigatian,  would  not  materially  benefit 
those  lands  especially  on  whidi  our  pasture  grasses  grow.  The  same 
may  also  be  said  of  the  waters  whicn  are  carried  off  in  some  places  so 
copiously  fay  drains*  Whether  these  waters  rise  from  beneath  in  springs, 
or,  falling  in  rain,  afterwards  sink  through  the  soil,  they  in  either  case 
carry  into  the  brooks  an^T  rivers  much  soluble  matter,  which  the  plants 
would  gladly  extract  ftom  them.  On  sloping  nounds  it  would  be  a 
praiseworthy  economy  to  arrest  these  waten,  and,  before  they  escape, 
to  employ  them  in  irrigation. 

The  fact  that  nature  thus  on  many  spots  brings  np  from  beneath,  or 
down  from  the  higher  grounds,  contioual  accessions  of  new  soluble  mat- 
ter to  the  soil,  will  serve  to  ez[^n  many  apparent  anomalies,  and  to  ac- 
conat  for  the  eontinned  presence  of  certain  substances  in  small  quanting, 
althougfa  year  by  year  portions  of  them  are  carried  off  the  land  in  tne 
erops  that  are  reaped,  while  no  return  is  made  in  the  shape  of  artificial 
mannre.  It  will  also  in  some  instaneee  account  for  the  fact  that,  after  a 
bard  croppSnc,  prolonged  until  the  soil  has  become  exhausted,  a  few 
years^  rest  ^nll  compl0Cely  re^ovigorate  it,  and  reoder  it  fit  to  yield 
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new  retnras  of  abundant  corn.  Other  causes,  aa  we  shall  hereafter  ae«» 
generally  operate  in  bringinff  about  this  kind  of  natural  recovery,  but 
there  can  be  no  question  that  in  circumstances  such  as  I  have  now 
adverted  to,  this  recovery  may  be  efieeted  in  a  much  shorter  period 
of  time. 

4^.  Ifiwortanee  of  depth  and  unifcrmiiy  of  jot^.— -If  the  surface  soil  be 
of  a  fertile  quality,  ample  returns  will  be  sure  from  many  cultivated 
crops.  But  where  the  subsoil  is  similar  in  composition  to  that  of  the 
surface— ix>t  only  may  the  fertility  of  the  land  be  considered  as  almost 
inezhanstible,  but  those  crops  also  which  send  their  roots  far  down  will 
be  able  permanently  to  flourish  in  it.  This  fact  is  illustrated  by  the 
composition  of  the  fidlowing  soils  from  the  neighbourhood  of  Bruna- 
wick:— 

1.  2. 


97-340 

90035 

0-806 

1-976 

U126 

5-815 

'  0075 

0-240 

0-296 

0-022 

0-095 

0-115 

0-112 

0  300 

0-015 

0-098 

trace 

1-399 

trace 

trace 

0-135 

«-. 

BoQ. 

SiUca  and  fine  Quartz  Sand    .  94-724 

Alumina 1*638 

Oxides  of  Iron      .    .    .    .     >  1.96O 
Oxides  of  Manganese    .    .     > 

Lime 1*028 

Magnesia trace 

Potash  and  Soda 0-077 

Phosphoric  Acid 0-024 

Sulphuric  Acid 0-010 

Chlorine 0-027 

Humic  Acid 0-302 

Insoluble  Humus      ....  0-210 

100  100  100 

The  first  of  these  soils  produced  excellent  crops  of  all  deep-ioolad 
plants— lucerne,  sainfoin  (esparseue)»  hemp,  carrots,  poppies,  6cc. — and 
with  the  aid  of  gypsum,  reid  clover,  and  leguminous  plants  (veiches» 
peas,  and  beans),  in  great  luxuriance.  The  (ormer  of  these  facts  is  ex- 
plained by  the  gt^ai  similarity  in  constitutioii  which  exists  between  the 
surface  and  the  under  soils.  To  deep-rooted  plaou  also  the  magnesia, 
in  which  the  surface  is  deficient,  ia  capable  of  beinff  supplied  by  the  under 
soil.  The  effect  of  the  gypsum  is  accounted  for  by  the  almost  toul  ab- 
sence of  sulphuric  acid  in  tJie  subsoil,  but  which  the  application  of  gyp- 
sum has  introduced  into  the  upper  soil. 

The  second  soil  was  taken  from  a  field  in  which  sainfoin  died  rmi- 
larly  in  the  second  or  third  year  after  it  was  planted.  This  was  naturuly 
attnbuted  to  something  in  the  subsoil.  And  b^  the  analyses  above 
given,  it  was  found  to  contain  much  sulphuric  acid  in  combination  with 
oxide  of  iron,  forming  sulphate  of  iron  (green  vitriol).  This  salt  boiaif 
noxious  to  plants,  began  to  act  upon  the  crop  of  sainfoin  as  soon  aa  the 
roots  had  gone  so  deep  as  to  draw  snfficiant  supplies  from  the  sobsojl, 
and  it  thus  gradually  poisaned  tbam,  so  thai  they  died  out  in  two  or  thrae 
years. 
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n. — BARRBN  OR  tJFFRUITrUL  SOILS. 

Soils  are  uofruiiful  or  altogether  barren,  either  when  they  contain  too 
fittle  of  one  or  more  of  the  inorganic  constituents  of  plants,  or  when  some 
substance  is  present  in  them  in  such  quantity  as  to  become  hurtful  or 
poisonous  to  vegetation.  The  presence  of  sulphate  of  iron  in  the  subsoil 
jost  described  is  an  illustration  of  the  latter  fact.  In  what  way  the  defi' 
dency  of  certain  substances  really  does  affect  the  agricultural  capabilities 
of  the  soil  will  appear  from  the  Ibllowing  analyses  :— 

1.  2.  3.  4. 

Moor  land  aoO,        Another         Sandy     Boil  on  the 

ne«r  Aarid).         aoil  from  soil  from    Muachei* 

BattFriMUiid.       theiuae  Weulngea       kalk, 

Deighbour-  io  Liioe-  near  Mlihl- 
SoiL       SnbaolL         hood.  burs-         banaea. 

Silica  and  aiiatte Sand  .    .  70-576— 95190  61576  96000  77780 

Alam'ma 1050- 2  6S0  0-450  0-500  9490 

Oxides  of  Iron 0*35$^  1460  0-524  2000  .V800 

Ozida  of  Maneatteae  .    .    .  trace—  0H)48  trace  Uraee  0105 

lame do.—  0*336  0320  0-001  0-866 

BAagnesia 0-012~-  0-125  0130  trace  0728 

Potash trace —  0072  trace  do.     ,  trkce 

So^a do.  —  0-180  do.  do.  do. 

Phosphoric  Add    ....  do.       0034  do.  do.  0003 

Sulphuric  Acid do.        0-U20  do.  do.  trace 

CaitKmic  Acid —          —  —  —  0-200 

Chlorine trace —  0*015  trace  trace  trace 

HnmicAcid 11-910-    —  11-470  0-200  0732 

Insoluble  Bomus  ....  16200—    —  26530  1 299  0*200 

Water —         —  —  —  4096 

100        100  100  100  100 

£ach  of  these  analyses  is  deserving  of  attention. 

1^.  That  the  barrenness  of  the  Qioor-Iand  soils  (1  and  2)  is  to  be  at- 
tributed to  their  deficiency  in  the  numerous  substances  of  which  they 
contain  only  traces,  may  almost  be  said  to  be  proved  by  the  fact— one 
long  recognised  and  acknowledged  00  many  of  our  own  moor-lands  and 
peaty  soils— that  when  dressed  with  a  covering  of  the  subsoil  they  be- 
come capable  of  successful  cultivation.  The  analysis  of  the  subsoil  in 
the  second  column  shows  that  it  contains  all  those  mineral  consiituenU  in 
iddch  the  saU  iUelf  is  deficienl^^wad  to  the  efiect  of  these,  therefore,  the 
improvement  produced  upon  the  soil  by  bringing  it  to  the  surface  is  alto- 
gether to  be  attributed. 

2°.  The  sandy  soil,  No.  3,  is  evidently  barren  (or  the  same  reason  as 
the  moorland  soils,  1  and  2.  The  soil  No.  4  rests  00  lime-stone,  and 
was  mixed  with  7  per  cent,  of  lime-stone  gravel,  and  contains  a  great 
number  of  the  substances  which  plants  require— but  its  unfruii fulness  is 
to  be  ascribed  to  the  want  of  potash  and  soda,  of  sulphuric  acid  and  of 
chlorine.  Wocxi  ashes  and  a  mixture  of  common  salt  with  gypsufti  or 
sulphate  of  soda,  would  probably  have  remedied  these  defects. 

3°.  Among  the  fertile  soils  to  which  I  recently  directed  your  attention 
(p.  284)  was  one  from  Belgium,  in  which  the  pro|K)rtion  of  organic 
mauer  v/as  less  than  half  a  per  cent,  of  its- whole  weight.  In  the  abo?e 
table*  OQ  the  other  band,  we  have  two  nearly  barren  soils,  containing 
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each  11  per  cent,  ofhumic  acid,  besides  a  much  larger  proportion  of  in- 
soluble orsanic  matter.  It  is  obvious,  therefore,  that  the  fertility  of  a 
soil  is  not  dependeut  upon  its  containing  this  or  that  proportion  of  vege- 
table matter,  either  in  a  soluble  or  an  insoluble  form.  It  is  certainly 
true  that  many  very  fertile  soils  do  contain  a  considerable  quantity  d 
organic  matter,  in  a  form  in  which  it  may  readily  yield  nourishment  to 
the  roots  of  plants.  Yet  such  soils  are  not  fertile  merely  in  consequence 
of  the  presence  of  this  organic  matter,  as  a  source  o£  organic  food  to  the 
plant.  It  may  be  present,  and  yet  the  soils,  like  those  above-mentioDed« 
may  remain  barren.  Where  soils  become  fertile  apparently  by  the 
long  accumulation  of  such  vegetable  matter  in  the  soil,  it  is  not  tmerdy 
because  of  the  increase  of  purely  organic  substances,  such  as  the  humic 
and  ulmic  acids,  but,  because,  as  I  have  already  had  occasion  to  mention 
to  you,  the  decaying  vegetable  matter  which  produces  them  oootains 
also^  and  yields  to  the  soil,  a  considerable  abundance  of  some  of  those 
iix>rganic  substances  which  plants  necessarily  require.  The  organic 
matter  is  an  indication  of  their  presence  in  such  soils.  But  they  may 
be  present  without  the  organic  matter.  They  may  either  be  duly  pro- 
portioned in  the  soil  by  nature— or  they  may  be  artificially  mixed  with 
It,  and  then  this  use  of  the  organic  matter  may  be  dispensed  with.  It  is 
of  more  importance  to  bear  this  in  mind,  because  not  only  vegetable 
physiologists,  but  some  zealous  chemists  also,  have  laid  great  stress  upon 
the  quantity  of  soluble  and  insoluble  organic  matter  contained  in  a  soil, 
and  have  been  led  to  consider  it  as  a  safe  index  of  the  relative  fertility 
of  difierent  soils. 

The  history  of  science  shows,  by  many  examples,  that  those  men 
who  adopt  extreme  views,— who  attempt  lo  explain  all  phenomena  of  a 
given  kind,  by  reference  to  a  single  specific  cause— have  ever  been  of 
very  great  use  in  the  advancement  of  certain  knowledge.  Their  argu- 
ments, whether  well  or  ill  founded,  lead  to  discussion,  to  funher  investi- 
gation, to  the  discovery  of  exceptional  cases,  and,  finally,  to  the  general 
adoption  of  modified  views  which  recognise  the  action  of  each  special 
cause  in  certain  special  cases,  but  all  in  subordination  to  some  more  ge- 
neral principle. 

Thus,  if  some  ascribe  the  fertility  of  the  soil  to  the  presence  of  the 
alkalies  in  great  abundance,  others  to  that  of  the  phosphates,  othera  to 
that  of  lime,  others  to'that  of  alumina,  and  others,  finally,  to  that  of  ve- 
getable matter  in  a  soluble  state — all  these  extreme  opinions  are  recon* 
ciled,  and  their  partial  truths  recognised,  in  one  general  principle,  that 
a  sot/  to  befertiU  must  contain  all  Uie  iuhstances  wtich  the  plant  toe  dt* 
tire  to  grow  can  only  obtain  from  the  soil,  and  in  such  abundance  as 
readily  to  supply  aU  its  wants ;  tohile  at  the  same  time  it  must  contain 
nothing  hurtful  to  vegetable  life. 

lit.— SOILS  CAPABLE  OF  IMPBOVEMBNT  BT  THE  ADDlTIOIf  OF  | 

MIlfEEAL  MATTEE.  i 

On  the  principle  above  stated  depends  in  very  many  cases  the  nxMla ' 
of  improving  soils  by  the  addition  of  mineral  substances,  as  well  as  tba 
method  of  explaining  tlie  remarkable  effects  occasionally  pcoduced  by 
their  mixture  with  thie  land.    The  following  analyses  will  place  this 
matter  in  a  clearer  light ;— 


I 
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1. 

2. 

3. 

4. 

8oU  near  Pa* 

N«v  DnkM. 

NewGaiMton- 

New 

dlogtriUtel,  on 

ban,onth« 

beim,ln 

Brooa* 

UMWeMT. 

BnnMvfek. 

wick- 

Silica  and  Quartz  Sand 

.  93-720 

92-014 

90^1 

95-698 

Alumiaa   . 

.     1-740 

2-652 

2106 

0-504 

Oxide  of  Iron    . 

.     2-060 

3-192 

3-951 

2-496 

Oxide  of  Manganese . 

.     0-320 

0-480 

0-960 

trace 

Lime        •        P        . 

.     0-121 

0-243 

0-539 

0-038 

Magpesia  . 

.     0-700 

0-700 

0-730 

0-147 

Potash  (ebieflv  ia  oombina- 

tioQ  with  Silica)      . 
Soda    (do.)        . 

.    0-062 
.     0-109 

0-125 
0026 

0-066 

0-010  ; 

0-090 

Pbospborie  Acid 

.     0-103 

0  078 

0-367 

0-164 

Sulphuric  Acid 

.     0005 

trace 

trace 

0-007 

Chlorine  in  common  Salt 

.     0-060 

trace 

0-010 

0010 

Humic  Acid 

.     0-B90 

0-340 

0-900 

0-626 

Other  Organic  matter 

.    0-120 

0150 

0-140 

0-220 

100 


100 


100 


100 


The  first  of  these  soils  produces  naturally  beautiful  red  clover— the 
second  produces  very  had  red  clover.  On  comparing  the  constitution  of 
the  two  soils,  we  see  the  second  to  be  deficient  in  sulphuric  acid  and 
efatorioe.  A  dressing  of  gypsum  and  common  salt  would  supply  these 
deficiencies,  and  render  it  capable  of  producing  this  kind  of  clover.  The 
third  soil  ie  remarf^able  for  growing  luxuriant  crops  of  pulse,  when  ma- 
nured with  gypsum.  The  almost  total  absence  of  sulphilric  acid  ex- 
piains  ihfs  effect.  The  fourth  soil  was  greatly  improved  by  soap-boiler's 
ash,  which  supplied  it  with  lime,  magnesia,  manganese,  and  other  sub- 
stances. "" 


I  need  not  further  muhtply  examples  to  show  you  how  much  real 
knotvledge  is  to  be  derived  from  a  rigidly  accurate  analysis,  not  only  in 
regard  to  the  agricultural  capabilities  of  a  soil,  but  also  in  regard  to  the 
natural  and  necessary  food  of  plants,  and  to  the  nrianner  in  which 
'  mineral  manures  act  in  promoting  and  increasing  their  growth.  The 
illustrations  I  have  already  presented  will  satisfy  you'- 
ll. That  a  fertile  Soil  most  contain  all  the  inorganic  constituents  which 
ibe  plant  requires,  and  none  that  are  likely  to  do  it  an  injury. 

2^.  That  if  the  addition  of  a  given  manure  to  the  soil  render  it  more 
fertile— it  is  because  the  soil  was  defective  in  one  or  more  of  those  sub- 
stances which  the  manure  contained. 

3^.  That  if  a  given  application  to  the  land  fail  to  improve  it— -of  eyp- 
aom,  of  bone*dust,  of  common  salt,  for  example— it  is  because  enough  of 
the  subaunce  applied  is  already  present,  or  because  something  else  is 
atill  wanting  to  render  the  previous  additions  available. 

4^.  That  the  result  of  extended  experience  in  our  country,  that  the 
clay  aoila  are  best  (or  wheat,  and  sandy  soils,  such  as  that  of  Nor-^ 
fiiik,  for  barley,  is  not  to  be  considered  as  anything  like  a  law  of  nature, 
•acting  aside  the  clay  land  for  the  special  growth  of  wheat,  and  denying 
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to  the  sandy  soils  the  power  of  yielding  abundant  crops  of  this  kind  of 
grain.  Almost  every  district  can  present  examples  of  well  coltivated 
fields,  where  the  contrary  is  proved — ^and  the  wheat  crops  which  are 
yearly  reaped  from  the  sandy  plains  of  Belgium,  demonstrate  it  on  a 
more  extended  scale. 

Chemically  speaking,  a  aoil  will  produce  any  crop  abundantly,  pro- 
Tided  it  contain  an  ample  supply  of  all  that  the  crop  we  wish  to  raise 
may  happen  to  require.  But,  in  practice,  soils  which  do  not  contain  all 
these  substances  plentifully,  are  yet  found  to  differ  in  their  power  of 
yiolding  plentiful  returns  to  the  husbanilnian.  Such  diflferences  arise 
from  the  climate,  the  exposure,  the  colour,  the  fineness  of  the  particles, 
the  lightness  or  porosity  of  the  soil— from  the  quantity  of  moisture  it  is 
eApable  of  retaining,  or  from  some  other  of  its  numerous  physical  pro- 
perties. These  .physicd  properties,  therefore,  it  is  necessary  shortly  to 
consider. 

§4.  Of  the  physical  properties  of  $oiU. 

To  the  physical  properties  of  soils  was  fbrmerty  ascribed  a  much 
more  fundamental  im portance  than  we  can  now  attach  to  them.  Crome 
and  Schiibler  regilrded  the  fertility  of  a  soil  as  entirely  dependent  upon 
its  physical  properties.  Influenced  by  this  opinion,  the  former  publisned 
tke  results  of  an  examination  of  numerous  soils  in  the  Prussian  provin- 
ci»,  which  are  now  possessed  of  no  scientific  interest;  because  theT 
merely  indicate  the  amount  of  clay,  sand,  and  vegetable  matter  whicn 
these  soils  severally  contained.*  The  latter  completed  a  very  elaborate 
eseamioation  of  the  physical  properties  of  soils,  which  is  ver)r  useful  and 
instructive;!  but  the  defective  nature  of  'which,  in  accounting  for  their 
agricultural  capabilities,  became  evident  to  the  author  himself,  when  the 
more  correct  and  scientific  views  of  Sprengel,  illustrated  in  the  preced- 
ing section,  afterwards  became  known  to  him.  In  giving,  therefore, 
their  due  weight  to  the  physical  properties,  we  must  not  forget  that  in 
nature  they  are  subordinate  to  the  chemical  constitution  of  soils.  Plants 
tnay  grow  upon  a  soil,  whatever  its  physical  condition— if  all  the  food 
they  require  be  within  their  reach^while,  however  favourable  the  phy- 
sical couditioo  may  be,  nothing  can  vegetate  iir  a  healthy  maimer,  if  the 
•oil  be  deficient  in  some  necessary  kind  of  food,  or  contain  what  is  de- 
structive to  vegetable  life. 

Of  the  physical  properties  of  soils  the  most  important  are  their  den- 
sity, their  power  of  absorbing  and  retaining  water  and  air,  their  capillary 
action,  their  colour,  and  their  consistence  or  adhesive  power.  There 
are  one  or  two  others,  however,  to  which  it  will  be  Decenary  shortly  to 
advert. 

I.— MECHAKICAL  RELATIONS  OP  SOILS. 

1^.  The  density  and  absolute  weight  of  a  sot/.— Some  soils  are  much 
heavier  than  others,  not  merely  in  the  ordinary  sense  of  heavy  and  light, 
as  denoting  clayey  and  sandy  soils,  but  in  reference  to  Uie  absolute  weight 
of  equal  bulks. 

;     *  Baeortfod  In  hi«  Qnind»litx§  der  AgHeukw  ChemU. 
^t^  BodmmtdMinvtrhmtnimKudftGtwMim^ 


ABSosOTm  WKmr  a»9  nAimxti  of  wmm*  Stt 


Thus  a  eulric  foot  of  dry 

Stlkeout  or  Cmlcareoas  Saiid-*-weigh8  aboat   .    110  lbs.  > 
Half  Sand  and  balf  Clay     .......      95 

Of  coDiinoD  arable  Laod,  from  •  .  •  » 80  to  90 
Ofpnre  agriculCorel^lay  (pagaSSl)  ...  76 
Of  gardeo  Mould,  richer  iti  'Vegetable  matter    •      70 

Of  a  pea^  Soil,  from 30  to  50 

Sandy  aoila,  therefore,  are  the  heaviest.  The  weight  dimipi«he«  with 
the  increase  of  clay,  and  leaaens  still  further  as  the  quantity  of  vegetable 
matter  augments. 

In  practice,  the  denser  a  soil  is,  (he  less  injury  will  be  done  to  the 
land  b^  the  passage  of  carts  and  the  ireidisi^  of  cattle  in  the  ordinary 
operations  of  husbandry.  In  a  theoretical  point  of  view  it  is  of  conse- 
quence to  veaetatioo,  chiefly  in  so  far  as,  according  to  the  expNerimenta 
of  Schiibler,  the  denser  soils  retain  their  warmth  for  a  longer  period  when 
the  sun  goes  down,  or  a  cold  wind  con^^  on.  Thus  a  peaty  soil  will. 
cool  as  much  in  an  hour  and  a  half  as  a  pure  clay  in  two,  or  a  cfaod  iq 
three  hoars. 

3^.  Cf  Che  state  ^  ^fmsttm  £f  ikt  eon^Cite^fiC  porto  of  (he  «nZ.*— 
With  the  relative  wei^t  of  diflferent  soils,  dieir  state  of  mvision  is  in 
some  d^ree  connected.  Some  soils  consist  of  an  admixture  of  exceed- 
iagly  fine  particles  both  of  sand  and  clay— while  in  others,  coarse  sand, 
stones  and  gravels,  largely  predominate.  There  can  be  no  doubt  that  the 
state  of  the  soil  in  this  respect  has  a  material  influence  upon  its  produc- 
tive character,  and -consequentlvnpon  its  money  value,  since  the  labours 
of  the  husbandman  in  lands  of  a  stiffer  and  more  coherent  nature  are 
chiefly  expended  in  bringing  them  into  this  more  favourable  powdery  con- 
dition. In  the  description  and  examination  of  a  soil,  therefore,  this  pro- 
peny  ought  by  no  means  to  be  passed  lightly  over— since  it  is  one  in 
regacd  to  which  a  mere  chemical  analysts  gives  us  Utile  or  no  informa- 
tion. 

In  some  parts  of  the  country,  the  farmer  diligently  gathers  th^ 
•tones  off*  his  land,  while  in  others  the  practice  is  condemned  as  hurtful 
to  the  arable  crops.  The  latter  fact  is  ex{>lained  by  supposing  that 
these  stones  in  winter  aflbrd  shelter  to  the  winter- com,  and  in  warmer 
seasons  protect  the  ground  in  some  degree  from  the  drying  winds,  and 
retain  beneath  them  a  supply  of  moisture  of  which  the  neighbouring 
roocs  can  readily  avail  themselves. 

3^.  Firmnem  and  adhe$we  power  ^  sotts.— When  soils  dry  in  the 
wr  thej  cohere  and  become  hard  and  stiff  in  a  greater  or  less  degree. 
Pwa  aliceoos  sands,  alone,  do  not  at  all  cohere  when  dry— while  pure 
dsya  become  bard  and  very  difficult  to  pulverise.  In  proportion  to  tha 
qoaaiity  of  sand  ^ith  wbicn  the  latter  are  mixed,  do  their  tenacity  and 
nardoeas  diminish.  The  dxiBcuHy  of  reducing  clays  to  a  fine  powder  in 
cbe  open  field,  or  of  bringing  them  into  a  good  tilth,  may  be  overcome, 
tberefore,  by  an  admixture  of  sand  or  gravel,  but  there  are  fow  localities 
wbare  the  expense  of  such  an  operation  does  not  present  an  insur- 
HKHintabte  obstacle.  Thorough  draining,  however,  subsoil  ploughing 
aiki  eanfol  tillage,  will  gradually  bring  the  most  refractory  soils  of  this 
character  into  a  conditioa  io  w|iidi  they  49UI  be  fnom  perfectly  and  mora 
economically  worked. 


Soils  also  adhere  to  the  ploagh  in  difllerent  degrees,  and,  therelbre,  pro* 
•ent  a  more  orbss  powerful  obBtnictioo  lo  its  passage.  All  soils  preseot 
a  greater  resistance  when  wet  thao  whea  dry^  and  all  ooosidembly  more 
to  a  wooden  Ihao  to  an  iron  plough.  A  aaody  soil  when  wet  ofiers  a  re- 
sistance to  the  passage  of  agrkuttural  implements,  equal  to  about  4  Iba. 
to  the  square  foot  of  the  surface  which  paiBses  through  it«-^  fertile  vege- 
table soil  or  rich  garden  mould  about.  6  lbs.,  and  a  clay  ficom  8  to  25  Iba. 
to  the  square  foot.  These  differszices  will  naturally  form  no  inconsider- 
able items  in  the  calculations  of  the  intelligent  farmer  when,  he  estimates 
the  cost  of  working,  and  the  cojisequent  rent  he  can  afford  to  pay  {or  this 
or  that  soii»  otherwise  equal  in  value. 

II.— RXLATIONt  or  90IX.S  TO  WATER. 

1^.  pQiDCr  of  mbihing  mouficre  from  the  oir^— When  a  portion  of  soil 
is  dried  carefully  over  boiling  water,  or  in  an  oven,  and  is  then  spread 
oat  upon  a  sheet  of  paper  in  the  open  air,  it  will  gradually  drink  in  waiaiy 
vapour  from  the  atmosphere,  and  will  thus  increase  in  weight.  In  hoc 
climates  and  in' dry  seasons  this  property  is  of  great  importance,  restoring 
as  it  does,  to  the  thirsty  soiU  and  bringing  within  the  reach  of  plants,  a 

Eortioo  of  the  rooLsture  which  during  the  day  they  had  so  copiously  eK* 
aled. 

Difierent  soils  possess  this  property  in  unequal  degrees.  Dormg  a 
night  of  12  hours,  and  when  the  air  is  moist,  according  to  Schiibler,  lOOQ 
lbs.  of  a  perfectly  dry 

Quartz  Sand  will  gain    0  lbs.  1  Clay  Loam    ...     25  lbs. 
Calcareous  Sand.     .      2         I  Pure  Agricultural  Clay  27 
Loamy  Soil        .    .    21         I 
and  peaty  soils,  or  such  as  are  rich  in  vegetable  matter,  a  still  larger 
quantity. 

Sir  Humphry  Davy  found  this  property  to  be  possessed  in  the  highest 
degree  by  the  most  fertile  soils.  Thus,  when  made  perfectly  dry,  1000 
lbs.  of  a 

Very  fertile  Soil  from  East  Lothian. gained  in  an  hour  18  lbs. 

Very  fertile  Soil  from  Somersetshire 16 

Soil  worth  45s.  per  acre  from  Mersea,  in  Essex  .    .      13 

Sandy  Soil  worth  26s.,  from  Essex 11 

Coarse  Sand  worth  only  15s.       .    ^     .     .     .    .     •        8 

•     Soil  of  Bagshot  Heaih 3« 

Fertile  soils,  therefore,  possess  this  property  in  a  very  considerable  de- 
gree, and,  though  we  cannot,  by  determining  this  property  alone,  infer 
with  safety  what  the  fertility  of  a  soil  is  likely  to  prove*-since  pea^r 
soil»  and  very  strong  clays  are  still  more  absorbent  of  moisture,  and 
since  this  property  is  only  remotely  connected  with  the  special  chemicai 
constitution  of  a  soil — ^yet  among  arable,  sandy,  and  loamy  lands,  it  cer- 
tainly dues,  as  Sir  Humphry  Davy  states,  adord  one  means  of  judging 
of  their  relative  agricultural  capabilities. 

2^.  Potoer  of  containing  or  holding  wnter. — ^If  water  he  poured  drop 
by  drop  upon  a  piece  of  chalk  or  of  pipe-clay,  it  will  sink  in  and  disap- 
pear, but  if  the  dropping  be  continued,  thb  pores  of  the  earth  will  by  de- 

*  Sir  It.  Dsff^  Works,  TOL  vO^  p.  89B. 
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mes  become  filled  with  water,  and  it  will  at  lei^  b^D  to  dmp  out 
fiom  the  under  part  as  ivis  added  above.  This  propeny  is  exhibired  in 
a  certain  degree  b^  all  soils.  The  rain  falls  and  is  drunk  in,  the  dew 
also  descends,  and  is  thus  uken  possession  of  by  the  soil.  But  after  much 
rain  has  fallen,  the  earth  becomes  saturated,  and  the  rest  either  runs  off 
fiom  the  surface  or  sinks  through  to  the  drains.  This  happens  more 
speedily  in  some  soils  than  in  others.  Thus  from  106  lbs.  or  dry  soilt 
water  will  begin  to  drop— -if  it  be  a 

8 quartz  Sand,  when  it  has  absorbed    ••.••.    25  lbs* 
alcareous  Sand • 29 

Loamy  Soil •    •    •    40 

English  Chalk 45-^. 

Clay  Loam 50 

Pure  Clay       70 

but  a  dry  peaty  soil  will  absorb  a  very  much  larger  jproportion  (Scho- 
bler),  before  it  suffers  any  to  escape.  Useful  arable  soils  are  found  to  be 
capable  of  thus  containing  from  40  to  70  per  cent,  of  their  weight  of  water. 
If  the  quantity  be  less  than  this,  the  soils  are  said  to  be  best  adapted  ihr 
|nne  plantations,— if  greater,  for  laying  down  to  grass. 

In  dry  climates  this  power  of  holding  water  must  render  a  soil  more 
▼afuable,  whereas  in  climates  such  as  ours,  where  rains  rather  over- 
abound,  a  simple  determination  of  this  property  will  serve  to  indicate 
Id  the  practical  farmer  on  which  of  his  fields  it  is  most  importaot  to  him« 
in  reference  to  surface  water,  that  the  operation  of  draining  should  be 
first  and  most  efl!ectually  performed.  The  more  water  the  soil  contains 
within  its  pores,  the  more  it  has  to  part  with  by  subsequent  evaporation ; 
and,  thererare,  die  colder  itis  likely  to  be.^  The  presence  of  this  water  also 
ezclndes^the  air  in  a  great  decree,  so  that  for  these,  as  well  as  for  otber 
reasons.  It  is  desirable  to  afibrd  every  facility  for  the  speedy  removal  of 
the  excess  of  water  from  such  soils  as  absorb  it,  and  are  capable  of  con- 
taining it,  in  a  very  large  proportion. 

3^.  Power  of  retaining  toater  when  exposed  to  the  olr.— Unless  when 
lain  or  dew  are  falling,  or  when  the  air  is  oerfectly  saturated  with  mois- 
ture, watery  vapour  is  constantly  rising  uom  the  surface  of  the  earth. 
The  fields,  after  the  heaviest  rains  and  floods,  gradually  become  dry, 
though  this,  as  every  farmer  has  observed,  takes  place  in  some  of  his 
fields  with  much  greater  rapidity  than  in  others.  Geoerallv  speaking, 
those  smls  which  are  capable  of  arresting  and  containing  the  largest  por- 
tion of  the  rain  that  falls,  retain  it  also  with  the  greatest  obstinacy,  and  take 
the  longest  time  to  dry.  Thus  a  sand  will  become  as  dry  in  one  hour  as  a 
pure  clay  in  three,  or  a  piece  of  peat  in  four  hours.  This,  therefore,  not 
only  explains,  and  shows  the  correctness  c€,  the  well-known  distinctions 
of  loarm  and  cold  soils,  but  exhibits  another  strong  argument  in  favour 
of  a  perfect  drainage  of  stiff  soils  and  of  such  as  contain  a  large  proportion 
of  decaying  vegetable  matter. 

4®.  CaptUary  power  of  (he  «oi/.— When  water  is  poured  into  the  sole 
of  a  fiower-pot,  the  soil  gradually  sucks  it  in  and  becomes  moist  even  to 
the  surface.  The  same  takes  place  in  the  soil  of  the  open  fields.  The 
water  from  beneath^-^hat  contained  in  the  subsoil— is  gradually  sucked 
up  to  the  surface.  .Where  water  is  present  in  excess,  this  capillaiy  action, 
as  it  it  called,  keeps  the  soil  alwayi  moiat  and  cold. 


The  tendency  dt  the  ^aler  to  aicend,  boweVer,  is  not  the  name  in  all 
tooils.  In  tboee  which,  like  tendy  eoils  and  such  as  contain  much  vege- 
table matter,  are  opeii  and  poh>Qs,  it  probably  a9cend3  n^bst  freety,  while 
kdS* clays  wilf  trtmsnait  it  with  less  rapidity.  No  precise  experiments* 
however,  have  yet  be^n  made  t^X)^  this  subject,  chiefly,  I  believe,  be- 
cause this  property  of  the  soil  has  not  hitherto  been  considered  of  such 
iihpoitafkce  as  it  reftlly  1^  to  the  geneiral  vegetation  of  the  globe.  Let  am 
attend  a  little  to  this  point. 

I  have  aireAdy  drftwn  vbof  attention  ^tbe  fact,  Uiat  the  specimms  of 
•oil  which  ar6  sdbitiitted  to  Analysis  generaHy  contain  very  little  saline 
matter,  and  yA  that  in  t  cfop  reaped  from  the  same  soil  a  very  consider- 
able |>roportiota  4xiAs.  This  I  have  attributed  io  the  action  of  the 
raiq^  which  dissblvb  o\it  th6  soluble  sa^e  matter  from  the  surface 
•oil,  and  afe  they  sibk,  carry  it  with  them  into  the  subsoil;  or  from 
•loping  {^rounds,  add  duribg  veiy  heavy  rains,  partly  wash  it  into  the 
btt)6k^.  Hence  uom  the  p^6ix>rti6n  of  soluble  matter  present  at  any  one 
time  h)  the  surface  teil,  we  cazmbt  safely  prp^unce  as  to  the  quaoijity 
which  the  whole  soil  Ik  capable  of  yielding  to  the  crop  that  may  be  grown 
upon  it.  For  when  warm  weauier  corned  and  tfie  surface  soil  driear 
rapidly,  then  by  capilUty  action  the  water  rises  from  beneath,  bringiaj| 
i^th  U  the  soloble  sobst^nfees  that  exist  in  the  subsoil  throudi  whi£  it 
ascends.  Successive  portions  Of  this  water  evai)orate  from  uie  surface^ 
toaving  their  Sflline  ihkttef  behind  thein.  An<)  as  this  ascent  and  eva- 
poration go  on  as  long  as  the  dry  Weather  contmues,  the  saline  matter 
ib^amtilatea  about  th6  roots  of  the  plants  so  ag  fo  put  within  their  reach 
an  ample  snppVy  of  every  soluble  substance  which  is  noi  i-eally  defective 
in  the  soil.  I  believe  that  in  sandy  soils,  and  generally  in  all  Fight  amis, 
of  which  the  particles  are  v6ry  fine,  this  capillary  acuon  is  of  great  im- 
portance, and  IS  inti/Aately  connected  witn  their  power  of  producing 
remnneratiog  crops.  They  absorb  the  falling  rains  with  great  rapidity, 
and  these  carry  down  the  soluble  matters  as  they  descend — so  that  when 
the  soil  become^  soaked,  and  the  water  begins  to  flow  over  itd  surbce^ 
the  saline  matter  being  already  buried  deep,  is  in  liille  danger  of  being 
washed  aWay.  On  the  return  of  diy  leather,  (he  water  re-ascends  fipm 
fa«ii^ath  and  agaiti  difluses  the  soluble  ingredients  through  the  upper  aoiU 

In  climates  doch  as  oui^.  Where  rains  and  heavy  dews  frequently  fall^ 
and  where  the  toll  is  seldom  estposed  for  any  long  period  to  hot  summer 
weather  unaccompanied  by  rain,  we  rarely  see  the  fulT  effect  of  this  ca- 
pfllafy  action  of  the  soil,  fiut  in  Watiii  cirmates,  where  rain  seldom  or 
never  fall^  the  ascent  of  Water  itrom  beneath,  where  springs  happen  to 
exist  in  the  subsoil,  gbes  on  Without  intermission.  And  as  each  new 
particle  of  water  that  ascends  brings  with  it  a  particle,  however  smalU 
of  saline  Daatier  (ibf  soch  waters  are  never  pure),  which  it  leaves  behtod 
wh«n  it  rises  into  the  air  in  the  kftm  of  Vapour,,  a  crust,  at  Erst  (bin,  bul; 
thickening  as  time  goes  on,  is  gradually  foriped  on  the  surface  of  the  sbiL 
Soch  Croats  afe  seen  ia  the  dry  season— in  India,  in  Egypt,  and  in  many 
parts  of  Africa  and  Amarica.  In  hot,  protracted  summers  they  may  bfe 
seen  on  the  sorface  of  oar  own  fields,  but  they  disappeair  again  with  tlie 
first  rains  rhai  fall.  Not  so  where  rains  are  unknown.  And  thus  on  the 
arid  plaints  of  Peru,  and  on  extensive  tracts  in  Africa,  a  deposit  of  saline' 
matter,  sometimea  many  feat  in  thibkneik,  is  mat  with  on  the  surfa^  uT 
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wide  plain**  in  the  bolkiwi  of  deep  valleyg,  and  on  the  bottoms  of  ancient 
lakes.  Such  an  incrustation,  probably  so  formed,  is  the  bed  of  nitrate  of 
•oda  in  Peru,  from  which  all  our  supplies  of  that  salt  are  drawn-^uch 
are  the  deposits  of  carbonate  of  soda  (urao)  extracted  from  the  soil  in  the 
South  American  State  of  Colombia. 

5^.  Cantmction  of  the  soil  on  dryinff.'-^Some  soils  in  dry  weather  dt* 
ininish  very  much  in  bulk,  shrink  in,  and  crack.  Thus,  after  being 
soaked  by  rain,kpure  clay  and  peaty  soils  diminish  in  bulk  about  one* 
fifth  when  they  are  again  made  perfectly  dry^-while  sand  has  the  same  • 
bulk  in  either  state.  The  more  clay  or  Vegetable  matter,  thensfore,  a 
■oil  contains,  the  more  it  swells  and*  con  tracts  in  alternate  wet  and  dry- 
weather.  This  contraction  in  stiff  clays  can  scarcely  fail  to  be  occa- 
sionally injurious  to  young  roots  from  the  pressure  upon  the  tender  fibraf 
to  which  it  must  give  rise,  while  in  light  and  san<fy  soils  the  compres- 
aioo  of  the  roots  is  nearly  uniform  in  all  weathers,  and  they  are  undis- 
turbed in  their  naiural  tendency  to  throw  out  off-shoots  in  every  direction. 
Hence  another  good  qualhy  of  light  soils,  and  a  less  obvious  benefit 
which  must  necessarily  result  from  rendering  soils  less  tenacious  by  ad- 
mixture or  otherwise. 

III. — aELATroifS   OF   THE   SOIL  TO   THE  ATMOSPHBaE. 

Paicer  of  absorbing  oxygen  and  other  gaseous  substances  from  Ihe 
air.— 1°.  The  importance*  of  the  oxygen  of  the  atmosphere,  first  to  the 
germination  of  the  seed,  and  afterwards  to  the  growth  of  the  plant,  I  have 
already  sufficiently  insisted  upon.  It  is  of  consequence,  therefore,  that 
this  oxygen  should  gain  access  to  every  part  of  the  soil,  and  thus  to  alt 
the  routs  of  the  plant.  This  access  can  be  facilitated  by  anificially 
working  the  land,  and  thus  rendering  it  more  porous.  But  some  8oils» 
in  whatever  state  they  may  be  in  this  respect,  have  been  found  to  absorb 
oxygen  with  nu>re  rapidity,  and  in  larger  quantity,  than  others.  Thus 
clays  absorb  more  oxygen  than  sandy  spils,  and  vegetable  moulds  or 
peau  more  than  clays.  This  diflference  depends  in  part  upon  the  natural 
porosity  of  these  different  soils,  and  in  part  also  upon  the  chemical  con- 
stitution of  each.  If  the  clay  contain  iron  or  manganese  in  the  state  of 
first  or  |lro^oxide8,  these  will  naturally  absorb  oxygen  for  the  purpose  of 
combining  with  it,«-whiie  the  decaying  vegetable  matter  will  in  like 
mannert  m  such  as  oootain  it  largely,  drink  in  much  oxygen  to  aid  their 
natural  decompositioo. 

2^.  Besides  the  gases,  oxygen  and  nitrogen,  of  which  the  air  princi- 
pally consists,  theaoil  absorbs  also  carbonic  acid  from  the  atmo8phere« 
and  portions  of  those  various  vapours, — whether  of  ammonia  and  other 
effluvia  which  rise  from  the  earth,  or  of  nitric  acid  formed  in  the  air,-« 
and  these,  in  the  opinion  of  some  chemists^  contribute  very  materially  to 
its  natural  fertility.  This,  however,  is  very  much  a  matter  of  conjec- 
ture, and  no  experiments  have  been  made  as  to  the  relative  capabilities 
of  difierent  soils  thus  to  extract  vegetable  food  from  the  surrounding  air. 
One  fact,  however,  seems  to  be  clearly  ascertained,  that  all  soils,  namely, 
absorb  gaseous  substances  of  every  kind  most  easily  and  in  the  greatest 
abundance  when  they  are  in  a  moist  state.  The  fall  of  rains,  or  the  de- 
scent of  dew,  therefore,  will  favour  this  absorption  in  dry  seasons,  and  it 
will  also  be  greatest  in  those  soils  which  have  the  power  of  most  readily 
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eztracdng  mttasry  vapour  from  the  air  during  the  absence  of  the  mo. 
Hence  the  influence  of  the  dews  and  of  gentle  showen  on  the  pfo^^ess 
of  vegetation,  is  not  limited  to  the  mere  supply  of  water  to  the  thirsty 
ground,  and  of  those  vapours  which  they  bring  with  them  as  they  descend 
to  the  earth,  but  is  partly  due  also  to  the  power  which  they  impart  to  the 
moistened  soil,  of  extracting  for  itself  new  supplies  of  gaseous  matter 
fiom  the  surroonding  atmosphere. 

IV*— Ua.AT10IT9  OF  THE  SOIL  TO  HEAT. 

There  are  some  of  the  relations  of  soils  to  heat,  which  have  considera- 
ble influence  upon  their  power  of  proumting  vegetation.  These  are  the 
rapidity  witli  which  they  absorb  heat  from  the  air,  the  temperature  they 
are  capable  of  attaining  under  the  direct  action  of  the  son's  rays,  and  tlie 
length  of  time  during  which  they  are  able  to  retain  this  heat. 

1°.  Pcwer  of  ah$orhing  Aeat.— It  is  an  important  fact,  in  reference  to 
thegrowdiof  plants,  that  during  sunshine,  when  the  sun's  rays  beat  upon 
it,  the  earth  acquires  a  much  higher  temperature  than  the  surrounding 
air.  This  temperature  very  often  amounts  to  110^,  and  sometimes  to 
nearly  150^,  while  the  air  in  the  shade  is  between  70^  and  80^  only. 
Thus  the  roots  of  plants  are  supplied  with  that  amount  of  warmth  which 
is  most  favourable  to  their  rapid  growth. 

Dark-coloured— ^uch  as  black  and  brownish  red^-soils  absorb  the 
heat  of  the  sun  most  rapidly,  and  therefore  become  warm  the  soonest. 
They  also  attain  a  higher  teraperature*-by  a  few  degrees  only,  how^ 
ever  (3°  to  8°), — than  soils  of  other  colours,  and  thus,  under  the  action 
of  the  same  sun,  will  more  rapidly  promote  vegetation.  In  climates* 
such  as  oura,  where  the  presence  of  the  stm  is  often  wished  for  io  vain 
in  time  of  harvest,  this  property  of  the  soil  ixMsesses  li  considerable  eco- 
nomical value.  In  other  parts  of  the  world,  where  sunshine  abounds, 
it  becomes  of  less  importance. 

Every  one  will  understand  that  the  above  diflerences  are  observed 
among  such  soils  only  as  are  exposed  to  the  same  sun  under  the  same 
circumstances.  Where  the  exposure  or  aspect  of  the  soil  is  such  as  fo 
give  it  the  prclonged  benefit  of  the  sun's  rays,  or  to^helter  it  fitnn  cold 
winds,  it  will  prove  more  propitious  to  vegetation  than  many  others  less 
favourably  situated,  though  darker  in  colour  and  more  free  from  super- 
fluous moisture. 

2°.  Power  of  retaining  Aea<.^6ut  soils  difler  more  in  their  power  of 
retaining  the  heat  they  have  thus  absorbed.  You  know  that  all  hot  bodies, 
when  exposed  to  the  air,  gradually  become  cool.  So  do  all  soils ;  but  a 
sandy  soil  will  cool  mere  slowly  than  a  clav,  and  the  latter  than  a  soil 
which  is  rich  in  vegetable  matter.  The  difference,  according  to  Schub- 
ler,  is  so  great,  that  a  peaty  soil  cools  as  much  in  one  hour  as  the  same 
bulk  of  clay  in  two,  or  of  sand  in  three  houro.  This  may  no  doubt  have 
coDsiderable  influence  upon  growing  crops,  inasmuch  ^,  afler  the  sun 
goes  down,  the  sandy  soil  will  be  three  hours  in  cooling,  while  the  clays 
will  pool  to  the  same  temperature  in  two,  and  rich  vegetable  mould  m 
one  hour.  But  on  those  soils  which  cool  the  soonest,  dew  will  first  begin 
to  be  deposited,  and  it  is  doubtful,  where  the  soils  are  equally  drained, 
whether,  in  summer  .weather,  the  greater  proportion  of  dew  deposited  on 
the  clays  and  vegeta1>le  moulds  mav  not  more  than  compensate  to  tlio 
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parebed  soil— for  the  leas  proloneed  dofatioQ  of  the  etevated  tempera* 
Ibre  derired  ftom  the  action  of  me  euD^e  rays*  li  is  alto  to  be  remem- 
bered, that  vegetable  soils  at  least,  abeorb  the  san*a  heal  inor^  rapidly 
than  the  lighter  coloured  sandy  soils,  and  thus  the  plants  which  grow  in 
^e  former,  which  is  sooner  heated,  may  ia  reality  be  ezf)osed  lo  tha 
idgheet  inflaenee  of  tde  sun^s  warmth— for  at  least  as  long  a  period  as 
tfiose  which  are  planted  in  the  latter. 

The  only  power  we  possess  over  these  relaitlons  of  soils  to  heat,  ap* 
pears  to  be,  that  by  top-dressinff  with  chjircoal,  with  soot,  or  with  dark- 
coloored  composts,  we  may  render  it  more  capable  of  rapidly  absorbing 
the  sun's  heat,  and  by  admixture  with  sand,  more  capable  of  retaioiDg 
die  heat  which  it  has  thus  obtained* 


Sucn  aro  the  most  important  of  the  physical  pn^;)erdes  of  soils.  Over 
aome  of  them,  (he  skilfal  ftrmer  peseeaocB  a  ready  control.  He  can 
drmn  his  land,  and  thus  render  it  cheaper  to  work  and  more  easy  to  re* 
daee  to  a  fine  powder.  He  can  plough,  subsoil,  and  otherwise  work  it 
well,  and  thus  can  make  it  more  open  and  porous,  more  accessible  both 
to  air  and  water.  When  it  is  Kght  and  petty,  he  can  lay  heavy  matter 
over  it— clay,  and  sand,  and  liroe<«tone  nibble— end  can  thus  increase 
ks  density.  He  can  darken  its  colour  in  some  localities  with  peat  com- 
posts, and  can  thus  make  it  more  absorbent  of  heat  and  moisture,  as  well 
as  aaore  retentive  of  the  rain  that  falls.  But  here  his  power  endbh  and 
bow  far  any  of  the  changes  within  his  power  can  be  prudently  attempted 
will  depend  upon  the  ex  pease  whioh,  m  any  given  locality,  the  operation 
woold  involve.  And  even  after  he  has  done  ail  which  mere  mechanicnl 
akili  can  soggest,  the  aoil  may  still  disappoim  his  hopes,  and  refuse  to 
yieM  hun  remuoerating  crops  of  com. 

*'  A  soil,'*  says  Sprengel,  **  is  often  neither  too  heavy  nor  too  light, 
neither  too  wet  nor  too  dry,  neither  too  oold  nor  too  warm,  neither  too 
fine  nor  too  coarse ;— fies  neither  too  high  aor  too  low,  is  eilna«ed  In  a 
propitious  climate,  is  found  to  consist  of  a  wdl-proportioned  mixture  of 
clayey  and  sandy  particles,  contains  an  average  ouantity  of  vegetable 
niatter,  and  has  the  benefit  of  a  warm  aspect  ana  favouring  slope.''— 
[BocUnkunde,  p.  203.]  It  has  all  the  advantages,  in  stort,  which 
^ysical  condition  and  climate  can  give  it,  and  ^t  it  is  unproductive. 
And  why  ?  Because,  answers  chemical  analysis,  it  »  destitute  of  cer- 
tain mineral  constituents  which  plants  require  for  their  daily  food.  The 
physical  properties,  therefore,  are  only  accessory  to  the  chemical  oonsti- 
tDtion.  They  brinj^  inio  favourable  circumstaaoes,  and  thus  give  free 
acope  to  the  operation,  upon  the  seeds  and  roots  of  plants,  of  those  che- 
noical  substances  which  Katuro  has  kindly  placed  in  most  of  our  smls,  or 

gthe  lessons  of  daily  experience  is  teachuig  the  skilful  labourer  in  her 
Ids  to  supply  by  art. 

And  yet  the  study  of  the  physical  properties  of  soils  is  not  without  its 
oae,  even  in  a  theoretical  point  of  view.  It  shows  both  the  nee  of  the 
fundamental  admixture  of  sand,  clay,  and  vegetable  matter,  of  which 
oar  soils  consist,  and  for  what  special  end  all  the  mechanical  labours  oi 
the  husbandman  are  undertaken,  and  why  they  are  so  necessary.    Planti 
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mcM  be  firmly  fixed,  tnerefere  the  eoii  must  Itave  a  ceilain  consisteocjf, 
«^heir  roots  most  find  a  ready  passage  in  every  direction ;  therefore  tm 
Sbils  must  be  somewhat  loose  and  open.  Except  (or  these  purposes,  wm 
see  I'tue  tmmediate  use  lor  the  sand  and  alumina  which  form  so  much 
01  .ne  substance  of  soils— till  we  come  to  study  their  ph^^sical  propertiea. 
The  silieeoas  sand  Ss  insoluble,  and  the  alumina  exists  in  plants  oivery 
minute  quantity  only,  while  during  tlie  progress  of  natural  vegetation* 
,  tlie  proportion  of  vegetable  mailer  in  the  soil  actually  increases.  t\m 
immediate  agency,  tltereibre,  of  these  subsumces  is  not  diemacal  bu4 
physical. 

The  alumina  ofHhe  clays  is  of  immediate  use  in  absorbing  and  retain* 
ing  both  water  and  air  for  ilie  use  of  tlie  nxHs— while  the  vegetable  mat* 
ter  is  advantageous  in  reference  lo  tlie  same  ends,  as  well  as  to  tlie  power 
of  absorbing  quickly  and  largely  the  warmth  of  the  sun*s  rays.  Tlie 
soil,  in  sliort,  \n  reforence  to  vegetation,  performs  tlie  fonr  following  iKa* 
tinct  and  separate,  but  each  of  Uiem  important  and  necessary,  fane* 
tidiis  :*- 

1^.  It  upliolds  and  sustains  the  plant,  aflbnling  it  a  sure  and  safe  mh 
chorage. 

2<^,  It  absorbs  water,  air,  and  lieat*  to  promote  its  growth 

These  are  its  mechanical  ami  .pliysical  functions. 

3°.  It  contains  and  supplies  to  ibie  planl  both  organic  and  inorganW 
food  as  its  wants  require ;  and 

4''.  It  is  a  worlcshop  in  whioli,  by  tlie  aid  of  air  ami  moisture,  eliemi 
cal  changes  are  continually  going  on ;  by  which  changes  these  several 
kinds  of  focMl  are  prepared  for  admissioo  inU)  the  living  roots. 

These  are  its  chemical  functions. 

All  the  operations  of  the  husbaodman  are  intendetl  to  akl  tlie  soil  in  tlie  * 
performance  of  one  or  other  of  tliese  functions.  To  the  most  important 
of  these  operations-xMhe  onetllods  adopted  by  the  praetical  former  for 
improving  the  soil— it  is  my  inteMbo*  in  tlie  following  diviswn  of  r^-"^ 
Lectures,  briefly  to  direct  your  atteiHion. 


LECTURES 

ON  THE 

APPLICATIONS  OF  CHEMISTRY  AND  GEOLOGY 

TO 

AGRICULTURE. 


mrt  sxx. 


ON  THE  IMPROVEMENT  OF  THE  SOIL  BY  MB- 
CHANICAL  AND-  CHEMICAL  MEANS. 


LECTURE  XIV. 

IfbB  phTiiaa  qualttiea  ud  ebMUical  «oiiiCitiilioo  of  *  wO  may  be  ehuced  kj  i 

df  &e  planis  depttiideiu  ttpcrtt  thai  of  the  mU  cm  which  they  grow.— -Mechanical  melhoda 
of  Improviof  the  aoU.-HB0»ett  produced  by  dralntiig.~TheorT  of  aprtngt.— Bflbct  of 
piooghlog,  aabaoiUnf,  deep  plongmuf  and  trenchiBC.—Aittflclat  Improyemeot  by  mixliM 
with  day,  aand,  or  InatfL 

The  facto  detailed  in  the  preceding  lecture  may  be  considered  as  af* 
fording  sufficient  proof  that  the  ability  of  the  farmer  to  grow  this  or  that 
crop  upon  his  land,  is  very  much  restrained  by  ito  natural  character  and 
constitution.  £ach  soil  establishes  upon  itself— so  to  speak— a  vegeta- 
tion suited  to  its  own  nature,  one  ^at  requires  most  abundantly  those 
substances  which  actually  abound  in  the  Scnl— and  the  art  of  man  can- 
not long  change  this  natural  connection  between  the  living  plant  and  the 
kind  of  land  in  which  it  Oelighto  to  grow. 

But  he  can  change  the  character  of  the  land  itself.  He  can  alter 
hadh  its  physical  qualities  and  ito  chemical  constitution,  and  thus  can  fit 
it  fi>r  growmg  other  races  of  planto  than  those  it  naturally  bears— or,  if  he 
choose,  the  same  races  in  greater  abundance,  and  with  increased  luxiiri-^ 
ance.  It  is,  in  fact,  in  the  production  of  suph  changes,  that  nearly  all  the 
labour  and  practical  skill  of  the  husbandman — apart  from  local  peculiari- 
ties of  climate,  &c. — is  constantly  expended.  For  the  attainment  of 
this  end  he  drains,  ploughs,  subsoil-ploughs,  and  otherwise  works  his 
laud.  For  this  end  ne  clays,  sands,  marls,  and  manures  it.  By  these 
aud  similar  operations  the  land  is  so  changed  as  to  become  both  able  and 
willing  to  nourish  and  ripen  those  peculiar  planto  which  the  agriculturist 
wishes  to  raise.  On  this  practical  department  of  the  ait  of  culture, 
the  principles  explained  and  illustrated  m  the  preceding  parto  of  these 
lectures,  throw  much  HgfaL  They  not  only  explain  the  reason  why  cer- 
tain practices  always  succeed  in  the  hands  of  the  intelligent  farmer,  but 
why  others  also  occasionally  and  inevitably  fail— they  tell  him  which 
practices  of  his  neighbours  he  ought  to  adopt,  and  which  of  them  he  had 
better  modify  or  wholly  reject,— and  they  direct  him  to  such  new  modes 
of  improving  his  land  as  are  likely  to  add  the  most  to  ito  permanent 
productive  value. 

The  operations  of  the  husbandman  in  producing  clianses  upon  the 
land,  are  either  mechanical  or  chemical.  When  he  drains,  plouehs, 
and  subsoils,  he  alters  chiefly  the  physical  characters  of  his  soil— when 
he  limes  and  manures  it,  he  alters  ito  chemioal  constitution.  These  two 
classes  of  operations,  therefore,  are  perfectly  distinct.  Where  a  soil  con- 
tains all  that  the  crops  we  desire  to  grow  are  likely  to  require,  mere  me- 
chanical operations  may  suffice  to  render  it  fertile— but  where  one  or 
more  of  the  inorganic  constituento  of  planto  are  wanting,  draining  may 
prepare  the  land  to  benefit  by  further  operations,  but  it  will  not  be  alone 
sufficient  to  remove  Ito  comparative  sterility.  1  shall,  therefore,  con- 
si^r  in  succession  these  twnt^lasses  of  practical  operations  :— 

1^.  Mechameal  methodt  of  improving  the  soil,  including  draining^ 
ploughing,  mixing  with  clay,  sand,  &c. 
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2^.  Chemical  methods,  including  limeing,  mailiDg«  and  the  ^plieadoQ 
of  vegetable,  animal,  and  mineral  manures. 

To  satisfy  you  fully,  however,  in  TegBld  to  the  abeoiute  necessity 
ibr  such  chanses,  if  we  would  render  the  land  fit  to  produce  any  given 
crop,  let  me  illustrate,  by  a  few  brief  examples,  the  intimate  reution 
observed  in  nature  between  the  kind  of  soil  and  fhe  kind  of  plants  that 
grow  upon  it. 

§  1.  On  the  connectxtm  between  the  kind  of  soil  and  the  kind  offlantg 
that  grow  upon  it.      ^ 

That  a  general  connection  exists  between  ohe  kind  of  soil  and  the 
kind  of  plants  that  grow  upon  it,  is  familiar  to\aIl  practical  men.  Thus 
clay  soils  are  generally  acknowledged  to  be  b^t  adapted  for  wheals 
loamy  soils  for  barley— sandy  loams  for  oats  or  bas^y--such  as  are  more 
sandy  still  for  oats  or  rye — and  those  wbich  are  almost  pure  sand,  ibr 
rye  alone  of  all  the  corn-bearing  crops. 

But  in  a  state  of  nature,  we  find  special  difierences  among  the  spon- 
taneous produce  of  the  soil,  which  are  more  or  leas  readily  traceable  to 
its  chemical  constitution  in  the  spots  where  the  plants  are  seen  to 
grow.    Thus— 

1°.  Oq  the  sandy  soils  of  the  sea  shores,  and  on  the  sah  steppes  of 
Hungary  and  Russia,  the  sand- worts,  salt- worts,  glass- worts,  and  other 
salt-loving  plants  abound.  When  these  sands  are  inclosed  and  drained, 
the  excess  of  the  salt  is  gradually  washed  out  by  the  rains,  or  in  some 
countries  is  removed  by  reaping  the  saline  plants  annually,  and  burning 
them  for  soda  (barilla),  when  wholesome  and  nutritive  trasses  take  their 
place ;  but  the  white  clover  and  the  daisy,  and  the  dandelion,  must  first 
appear,  before,  as  a  general  rule,  it  can  be  profitably  ploughed  up  and 
sown  with  corn. 

2^.  The  dry  drifted  sands,  more  or  less  remote  from  the  sea,  produce 
no  such  plants.  They  are  distinguished  by  their  own  coarse  grasses, 
amonff  which  the  elymus  arenariiu  (upright  sealyme-grass)  often,  in  our 
latitudes,  occupies  a  conspicuous  place.  On  the  downs  of  North  Jot- 
land,  it  was  formerly  almost  the  only  plant  which  the  traveller  ooald 
meet  with  over  an  area  of  many  miles. 

3^.  On  ordinary  sandy  soils,  leguminous  plants  are  rare,  and  the  herb- 
age often  scanty  and  void  of  nourishment*  AVlth  the  presence  of  marl 
in  such  soils,  the  natural  growth  of  leguminous  plants  increases.  The 
colt's-foot  also,  and  the  butter-bur,  not  only  grow  naturally  where  the 
subsoil  is  marly,  but  infest  it  sometimes  to  such  a  degree  as  to  be  with 
great  difficulty  extirpated.  So  true  is  this  indication  of  the  nature  of 
the  soil,  that  m  the  lower  vaUies  of  Switzerland  these  plants  are  said  to 
indicate  to  the  natives  where  they  may  successfully  dig  for  marU  (Prize 
Essays  of  the  Highland  Society,  u.  p.  134).  On  calcareous  soils,  again, 
or  such  as  abound  in  lime,  the  quicken  or  couch-grass  is  seldom  seen  as 
a  weed,  {Siireagel,  Bodenkunde,  p.  201),  while  the  poppy,  the  vetch,  and 
the  darnel  abound. 

4^.  So  peaty  soils,  when  laid  down  to  grass,  slowly  select  for  them- 
selves a  peculiar  tribe  of  grasses,  especially  suited  to  their  own  nature, 
among  which  the  hoUus  lanatus  (meadow  soft-grass)  is  remarkably 
abucidaot.    Alter  tlimr  constitntion  by  heavy  Ibneing,  and  they  piodaoe 
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Inxuriadt  green  crops  and  a  ^reat  bulk  of  straw,  but  give  a  coarse  thick- 
skinoed  grata,  more  or  less  imperfectly  filled.  Alter  them  further  by  a 
dressing  of  clay,  or  keep  them  in  arable  culture,  and  stiffen  them  with 
composts,  and  they  will  be  converted  into  rich  and  sound  corn- bearing 
lands* 

5^.  tn  the  waters  that  gush  from  the  sides  of  lime-stone  hills— on  the 
bottoms  of  ditches  that  are  formed  of  lime-stones  or  marls— -and  in  the 
springs  that  have  their  rise  in  many  trap  rocks,  the  water-cress  appears 
and  accompanies  the  running  waters,  sometimes  for  miles  on  their 
I  course.  The  mareVtail  (equisftum)^  on  the  other  hand,  attains  its  largest 
size  by  the  marshy  banks  of  rivulets  in  which  not  lime  but  silica  is 
i  more  abundantly  present.  So  the  Cornish  heath  (erica  vagana)  is  found 
only  over  the  serpentine  soils  of  Cornwall,  and  the  red  broom  rape 
{orobanche  ruhra^  Hooker*s  Flora  Scolica),  only  on  decayed  traps  in 
Scotland  and  Ireland. 

These  facts  all  point  to  the  same  natural  law,  that  where  other  circum- 
stances of  climate,  moisture,  to.,  are  equal,  Oie  naiwral  vegetatioiV'^that 
which  grows  best  on  a  given  sjpotr--4s  entirely  dependent  upon  the  chemical 
constitution  of  the  soil. 

But  both  the  soil  and  the  vegetation  it  willingly  nourishes,  are  seen 
to  undergo  slow  but  natural  changes.'  Lay  down  a  piece  of  land  to  grass, 
and,  after  a  lapse  of  years,  the  surface  soil^-orifinally,  perhaps,  of  the 
stifiest  clay — ^is  found  to  have  become  a  rich,  light,  vegetable  mould, 
bearing  a  thick  sward  of  nourishinc  grasses,  almost  tofally  different  from 
those  which  naturally  grew  upon  it  when  first  conyerfed  into  pasture. 
So  in  a  wider  6eldy  and  on  a  larger  scale,  the  same  slow  changes  are 
exhibited  in  the  vast  natural  forests  that  are  known  to  have  long  covered 
^  extensive  tracts  in  various  countries  of  Europe. 

Thus  it  is  a  matter  of  history  that  Charlemagne  hunted  in  the  forest 
of  Geraidmer,  then  consisdng  of  oak  and  beech— though  now  the  same 
fi>fest  contains  only  pines  of  various  species.  On  the  Rhine,  between 
Landaa  and  Kaiserlautern,  oak  forests,  of  several  centuries  old,  are  seen 
Id  be  gradually  giving  way  to  the  beech,  while  others  of  oak  and  beech 
are  yielding  to  the  encroachments  of  the  pine.  In  the  Palatinate,  the 
Scotch  fir  &intf5  sylvestris\  is  also  sncceeding  to  the  oak.  In  the  Jura, 
and  in  the  Tyrol,  the  beecn  and  the  pine  are  seen  mutually  to  replace 
each  other— and  the  same  is  seen  in  many  other  districts.  When  the 
time  for  a  change  of  crop  arrives,  the  existing  trees  begin  to  languish 
one  after  another,  their  branches  die,  and  finaJly'  their  dry  and  naked 
top6  are  seen  surrounded  by  the  Inxuriant  foliage  of  other  races  [Le  Ba- 
lOD  de  Mortemart  de  Boisse,  Voyage  dans  Us  Landes,  p.  189.1  These 
facta  not  only  show  how  much  tne  vegetable  tribes  are  dependent  upon 
the  chemical  nature  of  the  soil— they  indicate,  likewise,  the  existence 
of  slow  natural  changes  in  the  constitution  of  the  soil,  which  Wad  neces- 
•arily  to  a  change  of  vegetation  also. 

we  can  ourselves,  in  the  case  of  ancient  forests,  efleot  such  changes. 
When  in  the  United  States  a  forest  of  oak  or  maple  is  cut  down,  one  of 
pine  sprines  up  in  its  place ;  while  on  the  site  of  a  pine  forest,  oak  and 
other  broad-leaved  trees  speedily  appear. 

Botif  the  fall  time  for  such  changes  has  not  come,  the  new  "^^^jp^^ 
tktt  may  be  ofveftaken,  and  smothered  hf  (he  origiiui  tribes.    Tiiiu^ 
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when  the  pine  forests  of  Swed^  are  burned  down,  a  young  growth  of 
bii'ch  succeeds,  but  after  a  time  the  pines  again  appear  and  usurp  their 
formsr  dominion.  The  soil  remains,  still,  more  propitious  to  the  growth 
of  the  latter  than  of  the  former  kind  of  tree. 

We  may,  therefore,  take  a  practical  lesson  from  the  book  of  nature. 
If  we  wi.sh  to  have  a  luxuriant  vegetation  upon  a  given  spot,  we  must 
either  select  such  kinds  of  seeds  to  sow  upon  it  as  are  fitted  to  the  kind 
of  Si^l,  or  we  must  change  the  nature  of  the  land  so  as  adapt  it  to  our 
crop*  And,  even  when  we  have  once  prepared  it  to  yield  abundant  re- 
turns of  a  particular  kind,  the  changes  We  have  produced  can  only  be 
more  or  less  of  a  temporary  nature.  Our  care  and  attention  must  still 
be  bestowed  upon  it,  mat  it  may  be  enabled  to  resist  the  slow  natural 
caases  of  alteration,  by  which  it  is  gradually  unfitted  to  nourish  thoso 
vegetable  tribes  which  it  appears  now  to  delight  in  maintaining 

Let  us  now  turn  our  attention,  therefore,  to  the  methods  by  which 
these  beneficial  changes  are  to  be  effected  and  maintained. 

§  2.  Of  draining,  and  Ut  effecU. 

Among  the  merely  mechanical  methods  by  which  those  changes  ara 
to  be  pro  luced  upon  the  soil,  that  are  to  fit  it  for  the  better  growth  of 
valuable  crops,  draining  is  now  allowed  to  hold  the  first  nlace.  That  it 
is  an  important  step  in  neavy  clay  lands,  and  that  It  must  be  tbe^r«(  step 
in  all  cases  where  water  abounds  in  the  surface  soil,  will  be  readily  con- 
ceded ;  but  that  it  can  be  beneficial  also  in  situations  where  the  soils  aro 
of  a  sandy  nature — ^where  the  subsoil  is  light  and  porous— or  where  tho 
inclination  of  the  field  appears  sufficient  to  allow  a*  ready  escape  to  the 
water,  does  not  appear  so  evident,  and  is  not  unfrequently,  therefore,  a 
matter  of  considerable  doubt  and  diiliculty.  It  may  be  useful,  then« 
briefly  to  state  the  several  effects  which  in  different  localities  are  likely 
to  follow  an  efficient  drainage  of  the  land  t— 

1^.  It  carrier  off*  all  stagnant  water,  and  gives  a  ready  escape  to  tfaa 
excess  of  what  falls  in  rain. 

^°.  It  arrests  the  ascent  of  water  from  beneath,  whether  by  capillary 
action  or  by  tlie  force  of  springs-^and  thus  not  only  preserves  the  sur* 
face  soil  from  undue  mobture,  but  also  frees  the  subsoil  from  the  linger- 
ing presence  of  those  noxious  substances,  which  in  undrained  land  so  fro- 
quently  lo<lge  in  it  and  impair  the  growth  of  deep-rooted  plants. 

3°.  It  allows  the  water  of  the  rains,  instead  of  merely  runnbg  over 
and  often  injuriously  washing  the  surface,  to  make  its  way  easily 
through  the  soil.  And  thus,  ymile  filtering  throuj^h,  not  only  does  the 
rain-water  impart  to  the  soil  those  substances  useful  to  vegetation,  which« 
as  we  have  seen,  [see  Lecture  II.,  p.  37,  Lecture  IV.,  p.  69,  and  Lecture 
VIII.,  p.  159  J  it  always  contains  in  greater  or  less  abundance ;  hot  it 
washes  out  oi  the  upper  soil,  and,  when  the  drains  are  deep  enougb, 
out  of  the  subsoil  also,  such  noxious  substances  as  naturally  collect  and 
may  have  been  long  accumulating  there— rendering  it  unsound  and 
hurtful  to  the  roots.  The  latter  is  one  of  those  benefiu  which  gradually 
follow  the  draining  of  land.  When  once  thoroughly  effected,  it  consti- 
tutes a  most  important  permanent  improvement,  and  one  which  can  be 
fully  produced  by  no  dther  available  means.  It  will  be  penaaneo^ 
however,  only  so  long  as  the  diaios  are  kepi  in  ggod  oondkion.    The 


SBCCRBS   A  DUr   8BEJI-TIME  ANP   A2f    KARLT   HARVSST.  307 

same  openness  of  the  soil  which  enables  the  rains  to  wash  out  those  so- 
luble noxious  substances,  which  have  been  long  collecting,  permits  them 
to  carry  oflf  also  such  as  are  gradually  formed,  and  tijus  to  keep  it  in  a 
flound  and  healthy  state ;  but  let  this  openness  be  more  or  less  impaired 
by  a  neglect  of  the  drainage,  and  the  original  state  of  the  land  will  agaia 
gradually  return. 

4°.  Tliis  constant  descent  of  water  throngh  the  soil  causes  a  similar 
constant  descent  of  fresh  air  ftirough  its  pores,  from  the  surface  to  the 
depth  of  the  drains.  When  the  rain  falls,  it  enters  the  soil  and  more  or 
Ip!»  completely  displaces  the  air  which  is  contained  within  its  pores. 
This  air  either  descends  to  the  drains  or  rises  into  the  atmosphere. 
When  the  rain  ceases,  the  water,  as  it  sinks,  again  leaves  the  pores  of 
the  upper  soil  open,  and  fresh  air  consequently  follows.  It  is  in  fact 
sucked  in  after  the  water,  as  the  latter  gradually  passes  down  to  the 
!  drains.  Thus,  where  a  good  drainage  exists,  not  only  is  the  land  re- 
freshed by  every  shower  that  falls — ^not  only  does  it  derive  from  the 
rains  those  important  substances  which  occasionally,  at  least,  are  brought 
down  by  them  from  the  atmosphere,  and  which  are  in  a  great  measure 
lost  where  the  waters  must  flow  over  the  surface — ^but  it  is  supplied  also 
with  renewed  accessions  of  fresh  air,  which  experience  has  shown  to  be 
so  valuable  in  promoting  the  healthy  growth  of  all  our  cuUivated  crops. 

5**.  But  other  consequences  of  great  practical  importance  follow  from 
tliesc  immediate  effects.  When  thus  readily  freed  from  the  constant 
presence  of  water,  the  soil  gradually  becomes  drier,  sweeter,  looser,  and 
more  friable.  The  hard  lumps  of  the  stiff  clay  lands  more  or  less  dis- 
appear. They  crumble  more  freely,  offer  less  resistance  to  the  plough^ 
and  are  in  consequence  more  easily  and  economically  worked.  These 
are  practical  benetits,  equivalent  to  a  change  of  soil,  which  only  the 
former  of  stubborn  clays  car^  adequately  appreciate. 

6®.  With  the  permanent  state  of  moisture,  the  coldness  of  many  soils 
also  rapidly  disappears.  The  backwardness  of  the  crops  in  spring,  and 
the  lateness  of  the  harvests  in  autumn,  are  less  frequently  complained 
of— for  the  drainage  in  many  localities  produces  effects  which  are  equt" 
rkilent  to  a  change  ofclitnate.  **  In  consequence  of  the  drainage  which 
has  taken  place  m  the  parish  of  Peterhead,  in  Aberdeenshire,  during  the 
last  20  years,  the  crops  arrive  at  maturity  ten  or  fourteen  days  sooner 
than  they  formerly  did  ;"*  apd  the  same  is  true  to  a  still  greater  extent 
in  many  other  localities. 

T*'.  On  stiff  clay  lands,  well  adapted  for  wheat,  wet  weather  in  au- 
tumn not  unfrequently  retards  the  sowing  of  winter  corn-^in  undrained 
lands,  often  completely  prevents  it— compelling  the  farmer  to  change  his 
system  of  cropping,  and  to  sow  some  other  ^fain*  i^  the  weather  permit 
him,  when  the  spring  comes  round.  An  efficient  drainage  carries  off  the 
water  so  rapidly  as  to  bring  the  land  into  a  workable  slate  soon  after  the 
rain  has  ceased,  and  thus,  to  a  certain  extent,  it  rescues  the  farmer  from 
the  fickle  dominion  of  the  uncertain  season8.f     To  the  skilful  and  in- 

*  Mr.  Onj,  in  the  PriMg  Eamy  tif  th»  Highland  and  AgriimUural  aoHety,  A,  p.  171. 
Th|^  opinion  was  given  in  1830,  aince  which  time  many  other  extensive  Improvemcnte  have 
been  made  in  thai  part  of  ihe  island. 

f  **  Formei27,'*  save  Mr.  Wilson,  of  Comledge,  in  hU  account  of  the  diainege  of  a  hrm 

in  Berwickshire,  "this  part  of  Uie  farm  was  so  wer,  Uwt— though  heiter  adapted  fbr  wheat 

k     Oui  aoj  other  crop--iheaeaeoa  for  sowing  was  fteqvsBiljrkMt,  and  aOaraaaipensivifliV 
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telligent  farmer,  who  applies  every  cvailable  means  to  the  successful 
prosecution  of  his  art,  the  promise-  even  in  our  age  and  country  is  sure 
— **that  seed-time  and  harvest  shall "wever  fail." 

8*^.  But  on  lands  of  every  kind  this  removal  of  the  superfluous  water 
is  productive  of  another  practical  benefit.  In  its  consequences  it  is  eqtti- 
vaient  to  an  actual  dee/Kning  oj'the  9oil. 

When  land  on  which  the  surface  water  .is  in  the  habit  of  resting,  be- 
comes dry  enough  to  admit  the  labours  of  the  Uusbandnion,  it  is  still 
found  to  be  wet  beneath,  and  the  waters,  even  in  dry  seasons,  not  unfre- 
quently  remain  where  the  roots  of  the  crops  would  oiherw-ise  be  inclined 
to  come.  Or,  if  the  surface  soil  permit  a  ready  passage  to  the  rains,  and 
waters  linger  only  in  the  moist  subsoil,  stilJ-^though  the  farmer  may 
not  be  delayed  in  his  labours — the  subsoil  repels  the  approach  of  the 
roots  of  his  grain,  and  compels  them  to  seek  tlieir  nourishment  from  the 
surface  soil  only.  But  remove  the  waters,  and  the  soil  becomes  dry  to 
a  greater  depth.  The  air  penetrates  and  diffuses  itself  wherever  the 
wiiters  have  oeen.  The  roots  now  freely  and  safely  descend  into  the 
almost  virgin  soil  beneath.  And  not  only  have  they  a  larger  space 
tlirough  which  to  send  their  fibres  in  search  of  food,  but  in  this  hitherto 
ungenial  soil  they  find  a  store  of  substances — but  sparingly  present,  it  may 
be,  in  the  soil  above — which  the  long-continued  washing  of  the  rains, 
or  the  demands  of  frequent  crops,  may  have  removed,  but  which  may 
have  been  all  the  time  accumulating  in  the  subsoil,  into  which  the 
roots  of  cultivated  plants  eould  rarely  with  safety  descend.  It  is  "toot 
wonderful  then  that  the  economical  effects  of  draining  should  be  found 
by  practical  men  to  be  not  only  a  diminutioi]  in  tl)e  cost  of  cultivation, 
but  a  considerably  augmented  produce  also  both  in  corn  and  grass ;  or 
that  this  increased  produce  should  alone  be  found  suflficient  to  repay  tlio 
entire  cost  of  thorouch-draining  in  two  or  three  years. 

An  obvious  practical  suggestion  arises  out  of  the  knowledge  of  this 
fact.  The  deeper  the  drains,  provided  the  water  have  $till  a  ready  escapty 
the  greater  the  depth  of  soil  w-hich  is  rendered  available^or  the  purposes 
of  vegetable  nutrition.  Deep-rooted  plants,  such  as  lucerne,  often  fail, 
even  in  moderately  deep  soils,  because  an  eiccess  of  water  or  the 
presence  of  some  noxious  ingredient  which  deep  drains  would  remove, 
prevents  their  natural  descent  in  search  of  food.  Even  plants,  which, 
like  that  of  wheat  or  clover,  do  not  usually  send  down  their  nK>t8  so  far, 
will  yet,  where  the  subsoil  is  sound  and  dry,  extend  their  fibres  for  three 
or  more  feet  in  deptli,  in  quest  of  more  abundant  nourishment. 

Not  only,  then,  do  deep  drains  permit  the  use  of  the  subsoil  plough 
without  the  chance  of  injury, — not  only  are  they  less  liable  to  be  choked 
up  by  the  accumulated  roots  of  plants  which  naturally  make  their  way 
into  ihcm  in  search  of  water, — but  they  al?o  increase  the  vahic  and  per- 
manent fertility  of  the  land,  by  increasing  its  available  depth.  In  other 
woi^ds,  that  kind  of  drainage  which  is  most  efficiently  performed,  with  a 
regard  to  tlie  greatest  number  of  contingencies,  will  not  only  be  the  most 
permanent,  but  will  also  be  followed  by  the  greatest  number  of  eecncmi- 
cal  advantages,  • 

lowlnf  nnd  UnHn«.  it  tras  town  wtth  oat*  in  iprfnf,  of  which  It  always  produced  Yery  poor 
crofts.  li  \t  m>w  an  dry  a»  to  frowr  very  gcMxl  crops  of  liirntp  or  rape,  and  except  In  two 
lnHiatt€C«»  1  tuive  atwaya  aowu  my  whaat  la  eaplial  ovdtr.''— Mm  EmoM  &f  lAt  MMUoHi 
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9^.  Nor  do  the  immediatle  and  practical  benefits  of  draining  end  with 
the  attainment  of  these  beneficial  results.  It  is  not  till  the  land  is  ren- 
dered dry  that  the  skilful  and  enterprisinff  farmer  has  a  fair  field  on 
which  to  expend  his  exertions.  In  wet  soils,  bones,  wood-ashes,  rape- 
dust,  nitrate  of  soda,  and  other  artificial  manures,  are  almost  thrown 
away.  Even  lime  exhibits  but  one-half  of  its  fertilizing  virtue,  where 
Water  is  allowed  to  stagnate  in  the  soil.  Give  him  dry  fields  to  work 
upon,  and  the  well-instructed  agriculturist  can  bring  all  the  resources, 
as  well  of  modern  science  as  of  old  experience,  to  bear  upon  them,  with 
a  &ir  chance  of  success.  The  disappointments  which  tbe  holder  of  un- 
drained  lands  so  often  meets  with,  he  will  less  frequently  experience. 
An  adecjuate  return  will  generally  be  obtained  for  his  expenditure  in 
manuring  and  otherwise  improving  his  soil,  and  he  will  thus  be  encour- 
aged to  proceed  in  devoting  his  capital  to  the  permanent  amelioration  of 
hu  farm — not  less  for  his  own  than  for  his  landlord*s  benefit. 

Viewed  in  this  light,  draining  is  only  the  first  of  a  long  series  of  im- 
provements, or  rather  it  is  a  necessary  preparative  to  the  numerous  im- 
provements of  which  the  soil  of  islands  is  susceptible— which  improve- 
ments it  would  be  a  waste  of  money  to  attempt,  until  an  efficient  system 
6f  drainage  is  established.  And  when  we  consider  how  great  a  national 
benefit  this  mere  preparatory  measure  alone  is  fitted  directly  to  confer 
upon  the  country,  you  will  agree  with  me  in  thinking  that  every  good 
citizen  ought  to  exercise  his  influence  in  endeavouring,  in  his  own  district, 
more  or  less  rapidly  to  promote  it.  It  has  been  calculated  that  the  drai^ 
age  of  those  lands  only,  which  are  at  present  in  arable  culture  (10  mif^ 
fions  of  acres),  would  at  once  increase  their  produce  by  10  miltbns  of 
quarters  of  the  various  kinds  of  grain  now  srown  upon  them ; — and  that 
a  similar  drainage  of  the  uncultivated  lands  (15  millions  of  acres) 
would  yield  a  further  increased  produce  of  twice  as  much  more.  This 
increase  of  30  millions  of  quarters  Is  equal  to  nearly  one-half  of  our  pre- 
sent consumption*  of  all  kinds  of  grain— so  that  were  it  possible  to  eflfect 
at  once  this  general  drainage,  a  large  superfluity  of  corn  would  be  raised 
from  the  British  soil. 

This  general  drainage,  however,  cannot  possibly  be  effected  in  any 
given  rime.  The  individual  resources  of  the  land-owners  are  not  sufn- 
cieot  to  meet  the  expense,  f  and  such  calculations  as  the  above  are  use- 
fbU  mainly,  in  stimulating  the  exertions  of  those  who  have  cai)ital  to 
spore,  or  such  an  excess  of  income  as  can  permit  them  to  invest  an  an- 
nual portion  permanently);  in  the  soil. 

10^.  He  who  drains  and  thus  improves  his  own  land,  confers  a 
benefit  upon  bis  neighbours  also.    In  the  vicinity  of  wet  and  boggy 

*  65  minions  of  qnartein.  Bee  an  excellsnt  psp^r  on  this  nbiect  in  the  QHorterl^  AgrU 
wrfftinrf  Journal^  zu  ,  p.  505,  b?  Mr.  Dudgeon,  of  Spyelaw,  in  Ruzbursbehire.  a  coantj  ki 
wlilch  ibe  practical  beoeats  of  drabilng  liave  been  ejcteoeively  experienced,  and  Are  therefoie 
well  onderalood. 

r  To  drain  25miniouof  acres,  at  jB6  an  acre,  would  coat  160  miUlona  aterling,  a  ium equal, 
probaUjT,  to  the  whole  capital  at  present  invested  \nfanni7ig  the  land. 

I  Bv  an  efficient  draJmute  the  soil  Is  perwumenlly  ben^tetl^  bat  It  is  not  so  clear  that  tbe 
qwo^  it  eoiits  it  p^rmanenlljf  inrestea  or  burled  bi  (he  Sfitl.  If  the  cost  be  repaid  by  th« 
locr^ajie  of  produce,  in  three  years,  the  m«m««y  is  not  invested,  It  is  only  tent  for  this  period 
to  ihe  soiL  *^I  dmin  so  many  acres  every  yenr/'  said  (he  holder  of  a  lantf  Berwickshire 
fcnn  fo  oie,  ^  and  I  find  myiiVlf  Hlw&ys  rtH>aid  by  thp  end  of  the  third  reason.  If  I  have 
naie  cuMial  enoiitf)i,  therefore,  lo  kq  on  for  three  yean,  I  can  gnulusUy  dsal&sojr  eJOeotof 
Itod,  byths  reiMflti  dm  of  ths  wum  warn  of  moDey.*' 
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lands  the  hopes  of  tbe  iDdastrious  farmer  are  often  disappointed.  Bfiats 
are  frequent  and  rains  more  abundant  od  the  edges  of  the  moor,  and 
mill-dews  retard  the  maturity,  and  oflen  seriously  injure  the  crops.  Of 
undrained  land,  in  general,  tne  .same  is  true  to  a  less  extent,  and  the 

Sresenceofone  unimproved  property  in  the  centre  of  an  enterprisiug 
[strict,  may  long  withhold  from  the  adjoining  farms  that  full  measure 
of  benefit  which  the  money  and  skill  expended  upon  them  would  in 
other  circumstances  have  immediately  secured. 

So  true  is  it  in  regard  to  every  new  exercise  of  human  skill  and  in 
every  walk  of  life,  that  we  are  all  mutually  dependent,  every  one  upon 
every  other ;  and  that  the  kindly  co-operation  of  all  can  alone  secure 
that  ample  return  of  good,  which  the  culture  either  of  the  dead  eaitb 
or  of  the  living  intellect  appears  willing,  and  we  may  hope  is  ultimately 
destined,  to  confer  upon  our  entire  race. 

11°.  I  would  not  here  willingly  neglect  to  call  your  attention  to  a 
higher  benefit  still,  which  the  skiluil  drainage  of  an  extensive  district  it 
fitted  to  confer  upon  its  whole  population.  Not  only  is  this  drainage 
equivalent,  as  above  stated,  to  a  change  of  climate  m  reference  to  the 
growth  and  ripening  of  plants,  but  ii  is  so  also  in  reference  to  the  gent- 
ral  health  of  the  people,  and  to  the  number  and  kind  of  the  diseases  ID 
which  they  are  observed  to  be  exposed. 

I  may  quote  in  illustration  of  this  fact  the  interesting  observations  of 
Dr.  Wilson  on  the  comparative  state  of  health  of  the  labouring  popula- 
tion in  the  district  of  Kelso  during  the  last  two  periods  often  years.  In 
liis  excellent  paper  on  this  subject,  in  the  Quarterly  Journal  of  Agrieut" 
turct  (volume  xii.,  p.  317),  he  has  shown  that  fever  and  ague,  which 
formed  nearly  one-half  of  all  the  diseases  of  the  population  during  ihe 
former  ten  years,  have  almost  wholly  disappeared  during  the  latter  ten, 
in  consequence  of  the  general  extension  of  an  efficient  drainage  through- 
out the  country ;  while,  at  the  same  time,  the  fatality  of  disease,  or  the 
comparative  number  of  deaths  from  every  hundred  cases  of  serious  ail- 
ment, has  diminished  in  proportion  of  4*6  to  2*59.  Such  beneficial  re- 
sults, though  not  immediately  sought  for  by  the  practical  farmer,  yet 
are  the  inevitable  consequence  of  his  successful  exertions.  Apart,  there- 
fore, from  mere  considerations  of  pecuniary  profit,  a  desire  to  promote 
the  general  comfort  and  happiness  of  the  entire  inhabitants  of  a  district 
may  fairly  influence  the  possessors  of  land  to  promote  this  method  of 
ameliorating  the  soil ;  while  the  whole  people,  on  the  other  hand,  of 
whatever  class,  ought  **  gratefully  to  acknowledge  the  value  of  those  im- 
provements^ which  at  once  render  our  homes  more  salubrious  and  our 
fields  more  fruitful.'* 


The  practical  benefits  of  drainlDg,  therefore,  may  be  stated  generally 
as  follows  :-— 

A.  It  is  equivalent  not  only  to  a  change  of  scmI,  but  also  to  a  chanm 
of  climate,  both  in  reference  to  the  growth  of  plants  and  to  the  healm 
of  the  population. 

B.  it  b  equivalent  also  to  a  deepening  of  the  soil,  boCh  by  remoViag 
the  water  and  by  allowing  those  noxknu  ingxedlents  to  be  washed  out 
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of  the  subsoil  which  had  previoasly  prevented  the  roots  from  descend- 
ing. 

C.  It  is  a  necessary  preparation  to  the  many  other  means  of  irn  prove- 
ment  which  may  be  applied  to  the  land. 

Yon  will  now  be  able  to  perceive  in  what  way  it  is  possible  that 
even  light  and  sandy  soils,  or  sach  as  lie  on  a  sloping  surface,  may  be 
greatly  benefitted  by  draining.  Where  no  open  outlet  exists  under  a 
foamy  or  sandy  surface  soil,  any  noxious  matters  that  either  siuk  from 
above,  or  ooase  up  from  beneath,  will  long  remain  in  the  subsoil,  and 
render  it  more  or  less  unwholesome  to  valuable  cultivated  plants.  But 
lac  such  an  outlet  be  made  by  the  establishment  of  drains,  and  that 
which  rises  from  beneath  will  be  arrested,  while  that  which  descends 
fiom  above  will  escape.  The  rain-waters  passing  through  will  wash 
the  whole  soil  also  as  deep  as  the  bottom  of  tlie  drains,  and  the  atmos- 
pheric air  will  accompany  or  follow  them. 

The  same  remarks  apply  to  lands  which  possess  so  great  a  natural 
inclination  as  tb  allow  the  Surface  water  readily  to  flow  away.  Such  a 
doping  sorfcuse  does  not  necessarily  dry  the  suDSoil,  free  it  from  noxious 
substances,  or  permit  the  constant  access  of  the  air.  Small  feeders  of 
water  occasionally  make  their  way  near  to  the  surface,  and  linger  long 
in  the  subsoil  before  tliey  make  their  escape.  This  is  in  itself  an  evil ; 
but  when  such  springs  are  impregnated  with  iron  the  evil  is  greatly 
augmented,  and  from  such  a  cause  alone  a  more  or  less  perfect  barren- 
ness not  unfrequeutly  ensues.  To  ^  bring  such  lands  by  degrees  to  a 
soqikI  and  healthy  state,  a  mere  outlet  beneath  is  oflen  alone  sufiicient. 

It  is  to  this  lingering  of  unwholesome  waters  beneath,  that  the  origin 
of  many  of  our  moor-lands,  especially  on  higher  grounds,  is  m  a  great 
measure  to  be  attributed/  A  calcareous  or  a  ferruginous  spring  sends  up 
its  waters  into  the  subsoil.  The  slow  access  of  air  from  al^ve,  or  it 
may  be  the  escape  of  air  from  water  itself,  causes  a  more  or  less  ochrey 
deposit,*  which  adheres  to  and  gradually  cements  the  stoms  or  earthy 
particles,  among  which  the  water  is  lodged.  Thus  a  layer  of  solid 
stone  is  gradually  fonned«-the  nwor^land  pan  of  many  districts— which 
neither  allows  the  roots  of  plants  to  descend  nor  the  surface  water  to  es- 
cape. Hopeless  barrenness,  therefore,  slowly  ensues.  Coarse  grasaes* 
mouses,  and  heaih,  grow  and  accumulate  upon  soils  not  originally  in* 
dined  to  nourish  them,  and  by  which  a  better  herbage  had  previously 
been  long  sustained.  Of  sucn  lands  many  tracts  have  been  reclaimed 
by  breaking  up  this  moor-land  pavement,  but  such  an  improvement, 
unless  pre^ded  by  a  skilful  drainage,  can  only  be  Itoporary.  The 
same  natural  process  will  again  begin,  and  the  same  result  will  follow, 
unless  an  outlet  be  provided  for  the  waters  from  which  the  petrifying 
deposit  proceeds. 

it  ought  to  be  mentioned,  however,  that  where  a  ready  passage  and 
escape  K>r  the  water  is  provided  by  an  efficient  drainage,  and  especially 
in  light  and  porous  soils,  the  saline  and  other  soluble  substances  they 

*  If  the  water  eootaln  ntfphate  of  Iron,  the  air  from  above  will  Impart  to  Ka  iron  an  ad- 
(Kdooal  quaniltj  of  ozygen,  aod  caoae  a  portion  of  b  lo  fall  In  Iho  aiaie  of  peroside.  If  Ihn 
Iron  or  Itlbe  be  preacnt  to  the  alate  of  Mcaitonate,  the  eacape  of  carbonic  acid  from  tb« 
water  witi  cauae  a  depoidt  of  carbonate  of  Iron  or  of  lime.  Any  of  theae  depoatta  wiU 
oaaMnt  tho  earthy  or  atony  panlelaaioiathar.  Iran,  however,  la  oomefimea  held  In  aolo- 
don  by  an  offulc  add  (eranfe),  which  beeomaa  inaolnble,  and  fldis  aloof  with  the  iroa 
whan  the  latter  baa  abaoited  mora  ojrygen  from  the  atmoaphara. 


^18  TBSo^r.  or  srAia«s« 

contain  will  be  liable,  in  periods  of  heavy  rain,  to  be  more  or  lees  com- 
pletely washed  out  and  carried  ofT  by  the  water  that  trickles  throagb 
them.  While,  therefore,  the  establiahment  of  drains  on  all  soik  may 
adapt  and  prepare  them  for  further  improvcmeats,  and  may  make  them 
more  grateful  for  every  labour  or  attention  diat  may  be  bestowed  unon 
them— vet  afijer  drainage  they  must  be  more  liberally  dealt  with  tnaa 
before,  if  the  increased  fertility  thc;y  at  first  exhibit  is  lo  be  permanently 
maintained  or  increased* 

§3.  Of  tJu  theory  of  Springs. 

In  the  general  drainage  of  the  land  a  double  object  10  sought  to  be  at- 
tained, lo  very  rainy  districts,  the  first  wish  of  the  farmer  is  to  carry 
^tf  the  surface  water  from  bis  fields— but  where  less  rain  falls,  ihat 
which  ascends  from  beneath  in  sprinfts,  attracts  at  least  an  equal  shara 
of  the  husbandrnan^s  regard.  In  draining,  with  a  view  to  the  removal 
of  this  latter  source  of  superfluous  moisture,  a  knowledge  of  the  true 
theory  of  springs,  a^  indicated  by  an  examination  of  certain  geological 
phenomena,  is  of  t|ie  greatest  possible  service  to  the  practical  man,  ia 
pointing  «>ut  the  sources  from  which  the  water  that  injures  his  land  pro- 
ceeds, as  well  as  the  lines  along  which  it  may  b^  most  etficiently  and 
most  economically  carried  ofT. 

I*'.  The  rain  which  falls  on  the  surface  of  an  extensive  tract  of  country 
partly  escapes  into  the  rivers,  and  partly  sinks  ioto.tlie  earth.  This 
latter  portion  descends  through  the  covering  of  soil  and  other  loose  ma- 
terials till  it  reaches  the  rocks  on  which  they  rest.  If  these  rocks  ara 
pon)U9,  like  many  sand -stones,  or  are  traversed  by  cracks  and  vertical 
fi^Hures,  as  many  sand-stones  and  lime-stones  are,  it  descends  throa2h 
them  also  till  it  reaches  a  bed,  such  as  one  of  indurated  clay,  so  close  and 
compact  as  to  resist  its  further  passage.  By  this  impennous  bed  the  wa- 
ter is  arrested,  and  is,  therefore,  compelled  to  spread  itself  laterally,  and 
gradually  to  accumulate  in  the  beds  that  lie  above  it.    Thus,  if  the 


outline  fmm  A  to  C  in  the  annexed  diagram  represent  the  surface  of  an 
undulating  country,  in  which  the  subjacent  rocks  (1,  2,  3,  4)  are  covered 
by  a  considerable  thickness  of  loose  materials,  the  rain  which  falls  frona 
A  to  B  will  sink  fnorp  or  less  rapidly  to  the  bed  (1),  and,  if  this  be  im- 
permeable to  water,  will  rest  there,  or  will  slowly  drain  oflT  in  the  di- 
rection of  B  and  C  along  the  inclined  surface  of  the  rock.  But  if  (1 J 
be  porom,  it  will  sink  through  it  to  the  surface  of  the  bed  (2),  ana 
through  this  aim,  if  pcrnieablo,  to  (3)  or  (4),  until  it  reaches  the  stratum 
throijgh  which  it  cannot  paw.  On  the  surface  *of  this  latter  bed,  or 
among  the  mcks  ahftve  it,  the  water  ivMll  accumulate  until,  flowing 
downwards  towards  C,  it  is  enabled  either  to  sink  among  the  deeper 
rocks  or  to  make  its  escape  again  to  the  surfiice. 

But  if  the  rocks  beneath,  as  is  shown  in  the  same  diagram  from  E  ttf 
F,  be  traversed  by  vertical  fissures  passing  through  two  or  more,  or,  Uk# 
the  one  represented  from  B  to  £,  throagh  a  g;reat  number  of  bods,  the 
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water  that  falls  on  (he  surface  will  readily  find  a  paBsage  downwards  to' 
a  considerable  depth,  and  to  the  same  cracks  the  water  that  lodges 
among  the  untiiisured  rocks  from  D  to  £  will  also  gradually  make  its  way. 

The  practical  effects  of  these  several  conditions  on  the  drainage  of  a 
country  are  very  obvious.  If  the  stratum  (1)  be  impervious  to  water, 
the  surface  from  A  to  B  may  be  full  of  water,  and  may  urgently  de- 
mand the  introduction  of  drains,  whereas  if  (1)  and  (2)  be  porous,  the 
snrface  water  will  gradually  sink,  and  the  apparent  necessity  for  artifi- 
cial  drainage  will  become  much  less  striking.  On  the  other  hand, 
where  ihe  rocks  are  filled  with  frequent  cracks,  as  from  B  to  C,  the 
surface  water  may  descend  and  disappear  so  rapidly,  as  to  render 
useless  the  sinking  of  wells-^and,  as  in  dry  summers,  greatly  to  retard 
the  progress  of  the  crops,  or  even  seriotisly  to  injure  the  produce  of  the 
harvest.  In  such  a  fissured  state  are  the  magnesian  lime-stone  recka  ia 
some  parts  of  the  county  of  Durham— and  such  is  the  conseaueat  scar- 
city of  water,  on  some  farms,  that  when,  in  long  droughts,  Uie  supply 
preserved  in  artificial  tanks  begins  to  fail,  the  cattle  must  be  driven  to 
water  sometimes  for  miles,  to  the  nearest  living  brook. 

2^.  But  water  often  findaiis  way  to  greater' depths  without  passing 
through  the  superior  strata,  and  even  where  they  are  absolutely  impervi- 
ous to  the  rains  that  fall  upon  them.  Thus  along  the  country  from  A  to 
B,  and  especially  toward^  A,  the  surface  soil  rests  upon  the  upper  edges 


of  ihe  strata.  Suppose  now  the  beds  I,  2,  3,  to  be  impervious  to  water, 
the  rain  that  falls  wiierever  these  rocks  lie  immediately  beneath  the  sur- 
face will  either  remain  stagnant,  or  will  flow  off  by  some  natural  drain- 
age. Thus  from  the  highest  point  C  in  the  above  diagram,  the  water 
will  descend  on  either  hand  towards  a  and  b.  At  6  it  may  remain  siag« 
nnnt,  for  it  cannot  descend  throtigh  the  bed  (2^,  w(iich  forms  the  bottom 
of  the  valley,  and  the  same  is  true  of  the  hollow  c,  in  which  otlier  por- 
tir>ns  of  the  water  will  rest.  AU  this  tract  of  country,  therefore,  will  be 
more  or  less  cold,  wet,  and  consequently  unproductive.  But  let  the  bed 
(4).  the  edge  (or  outcrop)  of  which  forms  the  surface  at  a,  be  porous  of 
permeable,  then  the  water  which  falls  upon  that  spot  or  which  descends 
fnom  the  higher  grounds  about  C  and  A,  will  readily  sick  and  drain  off, 
descending  from  a  towards  d  along  the  inclined  bed  till  it  finds  an  outlet 
Id  the  latter  direction. 

Thus  it  may  readily  happen  that  a  naturally  dry  and  fertile  valley,  as 
at  a,  may  exist  at  no  great  distance  from  others,  b  and  c,  which  are 
marshy  atid  insalubrious,  and  in  which  artificial  drainage  alone  can  de- 
velope  the  agricultural  capabilities  of  the  soil.  It  appears  also  that* 
though  in  any  district  the  rocks  which  lie  immediaiely  beneath  the  sur- 
face may  contain  no  water,  and  may  allow  none  to  pass  through  them, 
yet  that  odier  beds,  perhaps  at  a  areatdeptfa  beneath,  may  contain  much* 
It  it,  in  fret,  this  accumulation  oi  water  beneath  impervimia  beds  that 
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gives  rise  to  so  many  natural  springs,  and  enables  us  by  artiGcial  welh 
to  bring  water  to  the  surface— (^n  where  the  land  would  otherwise  be 
wholly  uninhabitable. 

3°.  Thus  in  undulating  countries,  where  hill-sides  frequently  pre- 
sent themselves,  or  valleys  are  scooped  out  among  the  rocks,  as  m  the 
following  wood -cut,  the  water  that  has  fallen  over  the  high  grounds  to- 


wards A,  and  has  entered  as  above  described,  or  has  sunk  down  to  the 
several  strata  1,  2,  3,  &c.,  will  fSnd  a  ready  outlet  along  the  slope  of  the 
valley,  and  will  give  rise  to  springs  at  a,  6,  c,  or  d,  according  as  tlie  wa- 
ter has  lodged  in  the  one  or  the  other  of  these  beds.  These  springs  will 
fill  the  surface  soil  with  water,  which  will  also  descend  into  the  bottom  of 
the  valley,  and,  if  no  sufficient  outlet  be  provided  for  it,  will,  according 
to  its  quantity,  give  rise  to  a  lake,  a  bog,  or  a  morass.  On  the  slope  to- 
wanis  B  the  same  springs  are  not  to  be  expected,  since  the  rains  which 
sink  through  the  surface  on  this  side  of  the  valley,  and  lodge  in  the  po- 
rous rocks  beneath,  will,  by  the  inclination  of  the  l)eds,  be  drawn  off*  in 
the  opposite  direcuon,  till  a  second  valley  or  some  other  available  outlet, 
present  itself  for  their  escape.  This  explains  why  the  laud  on  one  side 
of  a  valley  or  of  a  hill  is  often  much  dner  than  on  the  other,  and  why, 
even  in  the  absence  of  the  improver*s  skill,  an  apparently  more  fertile 
soil  may  exist,  and  better  crops  be  reaped. 

4°.  Again,  such  an  outlet  for  the  waters  that  rest  among  inclined  strata 
is  not  unfrec|uently  afforded,  without  the  intervention  of  valleys,  and 
even  in  level  or  hilly  countries,  by  the  existence  of  slips  or  faults  in  the 
rcKks  beneath.     Such  a  slip  or  shifting  of  the  beds  is  represented  in  the 


annexed  diagram,  in  which  B  D  is  a  crack,  along  which  the  strata  from 
B  to  C  appear  to  have  slipped  downwards,  so  that  the  thin  bed  (2),  for 
example,  which  terminates  at  6  on  the  one  side  of  the  crack,  begins  agfun 
at  a  lower  level  e  on  the  other  side,  and  so  with  tHe  other  beds  iliat  lie 
above  and  below  it.  None  of  them  is  exactly  continuous  on  the  oppo- 
site sides  of  the  slip.  From  such  cracks  or  faults  in  ihe  beds,  springs  of 
water  oft(>n  rise  to  the  surface,  even  on  hill  tops,  as  at  B,  and  they  may 
be  thus  thrown  or  forced  out  from  ehher  of  two  cause»— 

1.  These  slips  are  often  of  considerable  width,  and  are  usually  fbuml 
to  be  filled  with  impervious  clay.  This  is  the  case  at  least  among  tba 
coal  measures,  which  have  been  the  most  extensively  explored.  Tb« 
eitet  of  this  wall  of  clay  is  to  dam  back  at  B  D  the  water  which  de* 
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tceads  along  the  inclined  bede  towards  C  from  the  oounlry  b«yond  A, 
and  thui  to  arrest  its  further  progress.  But  the  pressure  of  the  water 
behind  forces  that  which  has  reached  the  fault  B  D  to  seek  a  way  up- 
wards, and,  as  spaces -not  uufrequently  exist  between  the  wall  of  clay 
and  the  rocks  between  which  it  stands,  the  water  finds  a  more '  or  less 
realy  outlet  at  the  surface  B,  and  either  gushes  forth  as  a  living  and 
welcome  spring,  or  oozes  out  unseen  among  the  soil,  rendering  it  cold, 
wet,  and  unproductive.  Thus  from  b  the  water  accumulated  in  the  bed 
(2)  may  rise  to  the  surface,  or  from/ that  which  exists  in  (4),  or  from 
any  other  bed  in  which  water  exists,  and  from  almost  any  depth. 

2.  But  even  where  no  such  wall  of  clay  exists,  the  waters  may  still 
find  their  way  to  the  surface  along  lines  of  fault,  and  from  great  depths. 
Thus  suppose  the  thin  bed  (2)  to  be  full  of  water,  and  that  it  is  covered 
by  an  impervious  bed  (1),  then  the  water  which  tends  downwards  from 
a  to  6  will  be  arrested  at  the  fault,  and  dammed  back  by  the  impervious 
extremity  of  (1)  against  which  it  now  rests.  If  an  outlet  can  be  found, 
it  will  therefore  rise  towards  the  surface.  And  as  the  rocks  incline  up- 
wards in  the  direction  of  A,  the  pressure  from  behiad  may  easily  cause 
the  water  to  ascend  to  the  summit  of  the  hill  at  B,  and  to  gush  out  in  a 
more  or  less  copious  spring. 

5''.  Where  no  natural  outlets  of  the  kind  above  described  exist  in  a 
district,  there  miy  be  a  great  scarcity  of  water  on  the  suriace,  while 
abundance,  a?  we  have  already  seen  (2°),  may  exist  in  the  rocks  be- 
neath, ready  and  willing  to  rise  if  a  passage  be  opened  for  it*  Such  is 
the  cdS3  with  the  site  of  the  city  of  London,  represented  below  ;— 


HiuBpatead.        London.  ThameSi    Bydeobam. 


Knockholt 


SBGTIOSf  ACBOSS  Tjn  LONDOM  BASIN  FSOIf  ST.  AXAAX'S  TO    KMOOKHOLT. 

iBucklancTa  Bridge^aler  TreaiiMf  plate  60.) 
.  1.  Marine  Band.     2.  London  Clay  (alaaost   impermeable).    3.  Plasdc  Clay  and  Band. 
4.  Cbalk,  IwUi  fuU  of  water. 

The  rain-water  which  falls  between  a  and  A  on  the  one  hand,  and 
upon  the  plastic  clay  and  chalk  between  d  and  B  on  the  odier,  sinks  into 
these  two  beds  and  rests  in  them  till  it  finds  an  escape.  It  cannot  rise 
through  the  great  thickness'  of  ihipervious  clay  on  which  London  and  its 
iieigbborhoQi  siaiids,  unless  where  wells  are  simk,  as«  above  represented 
at  a,  6,  c.  di  either  into  the  plastic  clay  (3),  or  into  the  chalk  (4),  when 
the  water  ascends  copiously  till  it  reaches  the  general  level  of  the  country 
about  St.  Alban*s,  the  lowest  part  of  the  basin  where  the  permeable  beds 
form  the  surface.  Hence  in  the  vale  of  the  Thames  at  6,  it  rises  above 
the  surface,  and  forms  a  living  spring,  while  at  other  places,  as  at  a,  c,  d, 
ft  has  still  to  be  pumped  up  from  a  greater  or  less  depth.*    It  is  the  ex- 

*  Ih  Jantnry  1810,  there  were  stated  to  be  in  the  London  clay  upwards  of  200  au4i  wella, 
of  which  174  were  in  London,  and  of  which  latter  30  taken  together  were  known  to  yield  80 
14 
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istence  of  water  beneath  the  surface  where  the  soils  rest  on  impermea- 
ble beds,  and  the  known  tendency  of  these  waters  to  rise  when  a  boring 
is  sunk  to  them,  that  have  given  rise  to  the  establishment  of  ^rfenan* 
wells,  so  frec]uently  executed,  and  with  so  much  Success,  in  recent  times. 
There  is  probably  no  geological  fact  that  promises  hereafter  to  be  of  more 
practical  value  to  mankind,  when  good  government  and  the  arts  of  peace 
shall  obtain  a  permanent  resting-place  in  those  countries  where,  wfthont 
irrigation,  the  soil  remians  hopelessly  barren.  Wherever  a  living  spring 
bursts  out  in  the  sands  of  Arabia,  in  the  African  deserts,  or  in  the  parched 
plains  of  South  America,  an  island  of  perennial  verdure  deliehts  the  eye 
of  the  weary  traveller,  and  wherever  in  such  conntries  the  labour  of  man 
has  been  expended  in  digging  wells,  and  in  raising  water  from  thern  for 
artificial  irrigation,  the  game  beauty  and  fertility  always  appear.  It 
has  recently  l^een  found  that  the  oases  of  Thebes  and  Garba,  in  Upper 
^gyp^  where  the  blown  sands  now  hold  a  scarcely  disputed  dominioo, 
are  almost  riddled  with  wells  sunk  by  the  ancient  Egyptians,  but  for  the 
greater  part  long  since  filled  up.  The  re-opening  of  such  wells  raigfat 
restore  to  these  regions  their  long-lost  fertility,  as  the  sinking  of  new 
ones  by  oar  easier  and  more  economical  methods  might  reclaim  many 
other  wide  tracts,  and  convert  them  toihe  use  of  man.  In  contemplating 
what  man  may  do,  when  his  angry  passions  and  his  prejudices  do  noi 
interfere  with  the  Exercise  of  his  natural  dominion  over  dead  matter,  it  is 
not  unreasonable  to  hope  that,  guided  by  such  indications  of  natnral 
science,  human  industry  may  hereafter,  by  slow  degrees,  re-establish  its 
power  in  long-deserted  regions  of  country,  spreading  abundance  over  the 
broaH  wilderness,  staying  the  Arab's  wandering  foot,  and  fixing  his 
household  in  a  permanent  and  plenteous  home. 

6°.  It  not  unfrequently  happens  that  alternate  layers  of  sand  and  clay 
overspread  the  rocks  of  a  country,  and  act  in  arresting  or  in  throwing  <mU 
the  sujrface  water  io  the;  same  manner  as  the  solid  strata  beneath.    Thus 


under  the  surface  A  B  here  represented,  alternate  layers  of  sand  and  clay 
overspread  the  inclined  beds  of  rock,  and  alone  affect  not  only  the  qual- 
ity but  the  state  of  dryness  also  of  the  soil.     ,s 

The  rain  which  falls  on  the  upper  bed  of  sand  will  sink  no  fiirlhcr 
than  the  first  bed  of  clay,  and  will  appear  as  a  spring,  or  will  form  a 
wet  band  along  the  side  of  the  hill,  at  a.  That  which  falls  or  exists  in 
the  second  bed  of  sand  will  in  like  manner  come  to  d^y  at  fr,  c,  and  d,  e% 

milltoot  of  gallons  weekly.  This  number  of  wella  has  since  been  inereaned,  and  is  itil 
increasinf .  The  bttrinfs'are  generally  carried  down  Into  Uie  ohalk,  becanae  tbe  wat«r  vtalea 
ascends  from  the  plastic  clay  has  been  foand  to  bring  with  it  much  sand,  wbicb  both  ob» 
Binicts  the  pipes  and  Is  injurious  to  the  pumps. 

*  80  called  from  the  district  of  J  rfoit,  In  France,  in  which  it  was  fonneri/ 
such  bdrtngshad  baon  loogest  or  most  eztensiTsly  practised. 
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filliog  the  two  vallies  more  or  lets  with  water,  and  fbrmisg  wet  ttwciMcf 
country  resting  upon  a  lowei*  bed  of  impervious  clay. 

Id  endeavouring  to  form  a  satisfiimory  opinion  as  to  the  best  mode  of 
draintng  e  piece  of  laaid,  it  ia  of  great  impoitaace  to  be  able  to  determine 
not  only  the  immediate  nmimml  woufoe  of  the  water  we  are  desirous  tore* 
BMive,  but  also  the  probable  qumitUy  it  may  be  aeceMary  to  carry  ofl^ 
and  the  permanence  of  the  supply.  Jt  is  well  known,  for  examplev  that 
in  many  spots,  when  the  accumulated  waters  are  once  carried  off*,  there 
remains  only  a  small  and  probably  intermittinff  supply,  for  which  an 
outlet  is  afterwards  to  be  left  and  kept  open ;  while  m  other  localities  a 
constant  stream  of  water  is  seen  to  pass  along  the  drains.  In  connection 
with  this  point  it  is  of  consequence  to  make  pnt  whether  the  water  is 
thrown  out  by  surface  clays,  as  in  this  latter  diagram,  or  flows  from 
among  the  si^id  rocks  at  a  greater  or  less  depth— «b  shown  in  the  prece- 
ding wood-cuts.  That  which  is  thrown  out  by  beds  of  clay  is  in  most 
eases  derived  only  from  the  rains  that  fall,  and  is,  therefore,  liable  to  in- 
termit, to  cease  altogether,  or  to  become  more  copious,  according  as  the 
season  is  dry  or  otherwise ;  while  that  which  escapee  from  a  bed  of  rock, 
being  independent  of  the  seasons,  win  seldom  vary  in  quantity.  Thus 
it  happens  that  where  surface  wateir  only  stagnates  in  the  soil  of  a  district, 
a  'vt^arm,  diy,  and  long  continued  summer  may  cause  it  to  yie]d  a  crop 
of  unusual  excellence,  while  other  soils  fed  by  springs  from  beneath  may, 
even  in  such  seasons,  still  retain  moisture  enoogh  to  render  them  unfit  to 
rear  and  ripen  a  profitable  crop  of  com. 

7°.  There  remains  one  other  interesting  principle  connected  with  this 
subject,  which  I  must  briefly  explain  to  you.     Let  C  and  D  in  the  ac- 


crmipaoying  wood-<?ut  be  two  impervious  beds  through  which  the  water 
'  fin. Is  no  escape,  and  from  which  the  rains  pass  off*  only  by  the  natural  in- 
clination of  die  ground,  and  let  E  be  a  porous  bed  from  which  the  water 
finds  a  ready  escepe  somewhere  towards  the  right.  Then  if  a  boring 
be  sunk  through  C  and  D  in  any  part  of  this  tract  of  country,  the  wa- 
ter will  descend,  and  will  be  absorbed  by  the  bed  E.  Such  dry,  porous 
or  alworbent  beds  exist  in  many  locatities,  and  the  skilful  drainer  may 
^jccasiooally  avail  himself  of  their  aid  in  easily  and  effectually  freeing 
land  from  water,  which  could  not  without  great  cost  be  permanently 
drained  by  any  other  method.  Where  water  collects  on  a  surface  rest- 
ing upon  chalk,  or  upon  the  loose  sands  beneath  if,  this  method  of  boring 
18  frequently  had  recourse  to  in  some  of  our  southern  counties.  One  dan- 
ger, however,  is  to  be  guarded  against  in  trying  this  method,  that  the 
bore-rod,  namely,  may  enter  a  bed  which  is  full  of  water,  and  from 
which,  as  in  Artesian  wells,  it  may  readily,  and  in  considerable  quantity, 
ascend.  Such  a  boring  it  is  obvious  would  only  add  to  the  evil,  and 
might  render  neoessai^  a  larger  outUiy  in  eatablishing  an  efficient  sys- 
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tem  of  drahmge  by  (he  <»dio«7  mmIk)^  thaD  i*«bU  odienri^ 
required.* 

I  do  not  enter  ioto  any  fortber  detaf to  k  nqgatfidi  le  the  apjrfieatioo  of 
tbeae  prineiptoe  to  the  praeAoe  of  draiiaD§»  bckig  sMMed  that  when  yon 
have  OOO0  mastered  cbe  p«toclp4es  tfaeooaelves,  the  applicatiAae  will 
i«adil3^  suggest  thenueltes  to  your  tnm  znbds  wbeo  cucauiemiceit  tm^ 
qiMre  itr 

{  4.  OfptcfUgUng  dnd  $atmnSng* 

I.  PUmghing. — Apart  from  the  obTions  efiectof  ploughing  the  land, 
ID  destroy  log  weeds  and  iosect8«  the  inxmediaie  aavantage  soaght  fiv 
by  the  farmer  k  the  reductioil  of  bis  sdil  to  a  state  of  mizmte  divisioo* 
la  this  state  it  is  not  ooly  more  perviotM  to  the  roots  of  hia  cacn^  but  k 
also  gives  a  more  ready  adraissioa  to  the  air  and  to  water. 

Of  the  good  eflecu  produoed  by  the  easy  desceot  and  escape  of  water 
fiKMu  the  surface,  I  have  already  spohen  (j^  906),  but  the  pecmeability 
of  the  soil  to  air  is  no  less  useful  ia  developing  ita  natairal  powers  of  pro- 
duction. How  important  the  presence  of  the  afr  is  both  to  the  mainten- 
ance of  animal  and  to  the  sopport  of  vegetable  life,  we  have  bad  fre^ 
quent  occasion  to  observe,  lay  ita  ozyjjen  the  breathicg  of  animals  is 
suetainedt  and  by  its  carbonic  acid  the  livmg  plant  ia  fed.  On  the  eaxthy 
particles,  of  which  the  soil  consists  also,  the  influence  of  these  gaseous 
substances,  though  not  so  visible  and  strikingt  is  pf  almost  equal  conse- 
quence in  the  economy  of  nature. '  Among  other  immediate  benefits 
derived  from  the  free  access  of  air  into  the  soil,  we  may  enumerate  tha 
followio^  :— 

1°.  The  presence  of  oxygen  in  the  soil  is  necessary  to  the  healthy 
germination  of  all  seeds  (page  132),  and  it  is  chiefly  because  they  are 
placed  beyond  its  reach,  that  those  of  many  plants  remain  buried  tor 
years  without  signs  of  life,  though  they  freely  sprout  when  again  brought 
to  the  surface  and  exposed  to  the  air.  We  have  also  seen  reason  to  be- 
lieve (-page  77),  that  the  roots  of  living  plants  require  a  supply  of 
oxygen  in  order  diat  they  may  be  maiotedned  in  a  healthy  condition. 
Such  a  supply  can  only  be  obtained  whefe  ibe  soil  is  sofliciently  opea 
to  permit  the  free  circniacion  of  the  idr  attiongits  pores. 


'  ft  ■^DietkBM  tespentihat  in  ainkUv  an  old  weU  dMptr 
for  the  pinose  of  obuinins  a  better  f upplr  of  water,  thv 
original  sprtncsdteappecr  altogether  This  la  oartar  to  ihS 
ooetirrence  al  tbia  gr<«aier  death,  df  m  akaorktM  bed,  to 
which  die  water  diaappeara.  By  de«cendli«  aim  fnrther,  a 
aecond  aoppljr  of  waterimj  often  be  found,  birt  which  will 
lUturmllv  aeoand  uo  ftuther  than  the  Sbaoibeni  bed,  b^  wMob 
the  whole  sopplj  will  be  dmnk  opv  if  nol  preTOoted  bf  the 
insertion  of  a  metal  pipe.  Advantage  la  ■omeciiBea  tabon  eC 
the  known  ealatenoe  of  aoch  abaorbenC  atvaia,  aotooty  fear tlie 
purpoaeaofdramliKbiitaleofor  reoMfiiig  waate  water  of 
▼artoua  kioda.  An  intereatinaejample  ofanch  appNcatioo  la 
to  be  teen  at  St.  Denta,  lo  thenaee aux  Ckialdiea,  where  iha 
water  fitom  the  bed /at  the  depth  of  200  feet  asceoda  throuab 
the  Inner  tube  a— from  aootberbed  e,  at  ISSfeet,  tbrosigh  Ibe 
tube  d— while  becwMb  it  and  the  ouiefSK»at  tube,  thresih  lbs 
apace  e.  It  ia  aeat  dewnaote  alter  a  hae  beaii  caaleyed  is 
waahlog  the  avwre,  aAddlaaffieaiS'  Id  Ibe  abeocbeat  «ti*> 
CtiAdL 
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2«.  lo  the  pTMCMse^f  air  the ikcompon^  of  the  ▼esetable  matter 
of  the  eoil  pixweedt  man  mpidly«-it  is  moce  apeedilyiiemved  into  thoee 
fltmpler  tarms  of  matler*  carfaoaie  acid  and  water  chiefly  (page  162K 
wUcjb  are  fitted  to  miaiMer  to  the  growth  of  new  vegetable  races*  la 
the  absence  of  the  air  also,  not  only  does  this  daoompositiQn  proceed 
more  slowly,  but  the .  substaaoee  immediately  produced  b^  k  are  fro- 
queatly  uawholesome  to  the  pleat,  aad  thereHoro  fitted  to  iojaie,  or  ma- 
terially to  retaid,  ifes  growth* 

3^.  When  the  OKy^a  of  the  a^  is  mora  or  less 'excluded,  the  vege* 
table  matter  of  the  soil  takes  this  element  from  soch  of  tfan  earthy  sub- 
stances as  It  is  capable  of  decompostng,  and  rednoes  them  to  a.  lower 
state  of  oKidatioo.  Thns  it  converts  the  red  or  j»er<ozide  of  inn  into 
the  pro^-OKide  (p.  911),  aod  it  acts  in  a  similar  manner  upon  the  oxides 
of  manganese  (p.  913).  lialso  t^es  their  oaygea  from  the  sulphates  (as 
from  gypsum),  and  converts  them  into  sulphurets.  These  lower  oxides 
of  iron  and  manganese  ara  injurious  to  vegetation,  and  it  is  one  of  the 
beneficial  purposes  served  by  tumiog  up  the  soil  in  jdoogbing,  or  hy 
otherwise  loosening  it  so  as  to  allow  the  free  admission  of  atmospbene 
air,  that  the  natural  piodoction  of  these  oxides  is  eitiier  in  a  groat  mea- 
sure prevented,  or  that  when  produced  they  speedily  become  harmless 
again  bv  the  absorption  of  an  additioiial  doss  of  oxygen. 

4''.  Fuither,  there  ara  fiew  soils  whiehdo  not  contain,  in  some  quan- 
tity, frsgments  of  one  or  other  of  these  compound  mineral  substances  of 
which,  in  a  previous  lecture,  (xiL,  p.  257,)  we  have  seen  the  ciystalline 
rocks  to  ooosist-««f  hornblende,  of  mica,  of  felspar,  ice,,  in  a  decom- 
posing state.  From  these  minerals,  as  ^y  deoixnpose,  the  soil,  and 
therefore  the  plants  that  grow  in  it,  derive  new  supplies  of  several  of 
those  inorganic  substances  which  are  necessary  to  the  healthy  nourisli- 
ment  of  cultivated  crops.  The  conliBued  decomposition  of  these  mine- 
ral fragments  is  aided  by  the  access  of  air,  and  near  its  sur&oe,  in  an  es- 
pecial manner,  by  the  earbooie  aeid  which  the  air  oootains.  A  stale  of 
poroeity,  therefixe,  or  a  firequent  esposiue  to  the  air,  is  favourable  to  tho 
growth  of  the  plant,  hv  passeoting  to  its  roots  a  larger  abundance  not  only 
of  organic  but  also  of  inorganic  food. 

5^.  Again,  that  pioductioo  of  aramoima  and  of  nitric  acid  in  the  soil, 
to  which  I  drew  your  espscial  atteotioo  on  a  fonner  occasion  (pages  157 
and  160),  as  apparently  of  so  much  oonsequsnce  to  vegetable  life,  tak^ . 
place  more  rapidly,  and  in  larger  quantity,  the  more  frequently  the  land 
IS  toraed  by  the  plough,  broken  bv  the  clod-crasher,  or  stirred  up  by  the 
harrow.  Whatever  amount  of  either  of  these  compounds,  also,  the  sur- 
face soil  is  capable  of  eatracting  from  the  atmosphere,  the  entire  quan- 
tity thus  absorbed  will  evidently  be  greater,  and  it^  distribution  more 
uniform,  the  more  completely  the  tohoU  soil  lias  been  exposed  to  its  in- 
fluence. It  is  for  this,  among  other  reasons,  that,  as  every  farmer  knows, 
the  better  he  can  plough-  and  pulverise  bis  land,  the  more  abundant  in 
general  are  the  crops  he  is  likely  to  reap. 

6^.  Nor  lastly,  though  in  giest  pait  a  mechanical  benefit,  is  it  one  of 
little  moment  that  when  thus  every  where  pervious  to  the  air,  the  roots 
also  can  penetrats  the  soil  in  every  direction.  None  of  the  food  around 
them  is  sW  up  from  the  approaoh  of  their  noaMrous  fibres,  nor  are  they 
prevented,  by  the  prssence  of  noxtoos  substances,  from  throwing  out 
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branches  in  every  direcdoD.  A  deep  aoil  is  not  absolntely  neeessary  lb 
the  production  of  valuable  crops.  A  wett-pulverised  and  mellow  soil, 
to  %vbicb  the  atr  and  the  roots  have  evety  where  ready  access,  will, 
though  shallow,  less  frequently  disappoint  the  hopes  of  the  husbandman, 
—than  where  a  ereater  depth  prevails,  less  permeable  to  the  air,  and 
therefore  less  wholesome  to  the  growing  roots. 

II.  Subsoil  Ploufhing^'^Ajid  yet,  as  a  general  rule,  H  cannot  be  de- 
nied that  a  deep  soil  is  greatly  superior  in  valne  to  a  shallow  soil  of  the 
same  nature.  It  is  so  both  to  the  awncr  and  to  the  occupier,  though  in 
too  many  cases  the  avatlaUe  qaalities  d*  deep  Soils  have  hitherto  been 
more  or  less  overlooked  and  neglected. 

The  general  theoretical  principle  on  this  subject — ^that  the  deeper  the 
soil  the  longer  it  nmj  be  cropped  without  the  risk  of  exhaustion,  and  tbt, 
greaier  the  variety  of  crops,  deep  as  well  as  shallow-rooted,  which  may 
be  grown  upon  it— is  so  reasonable  in  itself,  as  to  command  a  ready  ac- 
quiescence. But  a  soil  is  virtually  shallow  where  a  few  inches  of  porous 
earth,  often  turned  by  the  plough,  rest  upon  a  subsoil,  hard,  stiff,  and  al- 
most impervious,— and  the  praetical  farmer  will  rarely  be  willing  to 
allow  the  depth  of  the  latter  to  influenee  his  opinion  in  regard  to  the  gene- 
ral value  of  the  land.  And  in  this  he  is  so  far  correct,  that  a  subsoil 
must  be  dried,  opened  up,  mellowed  by  the  air,  and  rendered  at  once 
pervious  and  wholesome  to  the  roots  of  plants,  before  it  can  be  made 
available  for  the  growth  of  com.  Tins  may  be  effected,  after  dratning^ 
by  the  use  of  the  subsoil  plough,  an  instrument  at  present,  I  believe* 
unequalled  for  giving  a  real,  practical,  and  money-value  to  stiff  and 
hitherto  almost  worthless  clayey  subsoils.  iTis  an  auxiliary  both  to  the 
surface  plough  and  to  the  drain,  and  the  source  of  its  efficacy  will  appear 
fiom  the  following  considerations : 

1°.  The  sur&oe  plough  turns  over  and  loosens  the  soil  to  the  depth  of 
6  to  10  inche8--^he  subwil  a^ugh  tears  open  and  loosetis  it  to  a  further 
depth  of  8  or  10  inches.  Tlius  the  water  obtains  a  more  easy  descent, 
and  the  air  penetratest  and  roots  mora  readily  make  their  way  among 
the  particles  of  the  under-soil.  So  fiir  it  is  an  auxiliary  to  the  common 
plough,  and  assists  it  in  aerating  and  mellowing  the  soil. 

2<^.  But  though  it  opens  up  the  soil  for  a  time  to  a  greater  depth,  the 
subsoil  plough  will  in  most  cases  afibrd  no  permanent  cure  for  the  defi- 
ciencies of  the  subsoil,  if  unaided  by  the  drain.  If  the  soil  rest  u^xm 
an  indurated  substratum— upon  a  calcareous  or  ochrey  «<za-— this  plough 
may  tear  it  up,  may  thus  allow  the  surface  water  to  sink,  and  may  great- 
ly benefit  the  land  f  but  the  same  petri^in^  action  will  again  recur,  and 
the  benefit  of  the  subsoiling  will  slowly  disappear.  Or,  if  the  subsoil 
contain  some  noxious  ingrodients,  such  as  salts  of  iron,  which  the  ad- 
mission of  air  is  fitted  to  render  harmless,  then  the  use  of  this  plough 
may  afford  a  partial  amelioration.  But  in  this  case«  ako,  the  effect  will 
be  only  temporary ;  since  the  source  of  the  evil  has  not  been  removed, 
the  same  noxious  compounds  will  again  be  naturally  produced,  or  will 
again,  in  fresh  supplies,  be  conveyed  into  the  soil  by  springs*  Or,  if  the 
subsoil  be  a  stiff  clay,  containing  no  noxious  ingredient,  it  may  be  cut,  or 
for  the  time  torn  asunder,  but  scarcely  will  the  plough  have  passed  over 
it  till  the  particles  will  be  again  cemented  together,  aad  probably,  by  thia 
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end  of  a  single  season  at  the  furthest,  the  uncer-soil  may  be  as  solid  and 
injpermcable  as  ever. 

It  is  as  the  follower  of  the  drain,  therefore,  io  the  course  of  improve- 
ment, that  the  subsoil  plough  finds  its  most  beneficial  and  most  economi- 
cal use.  After  land  has  been  drained,  the  water  may  still  too  slowly 
pass  away,  or  the  air  may  have  too  imperfect  an  entrance  into  the  sub- 
soil from  which  the  drains  have  removed  the  water,  lo  the  former  case, 
the  subsoil  plough  must  be  employed,  in  order  that  the  drains  may  be- 
come fully  efl[icient ;  in  the  latter,  that  the  under-lay ers  may  be  opened 
up  to  all  the  beneficial  influences  which  the  atmosphere  is  htted  to  exert 
upon  them.  In  this  respect  it  is  an  auxiliary  to  the  drain.  But  as  the 
full  eflfect  which  the  subsoil  plough  is  capable  of  producing  upon  stifl* 
and  clayey  subsoils,  can  only  be  obtained  after  they  have  been  brouglit  to 
such  a  state  of  dryness  that  the  sides  of  the  cut  or  tear,  which  the  ploueh 
has  made,  will  not  again  readily  cohere,  it  is^of  importance  that  the 
drains  should  be  allowed  a  considerable  time  to  eperate  before  the  use  of 
this  plough  is  attempted.  The  expense  of  the  process  is  comparatively 
great,  and  this  expense  will  be  in  a  great  measure  thrown  away  upon 
clay  lands,  which  are  undrained,  or  from  which  the  water,  either  tnroufKh 
defective  draining,  or  from  the  want  of  sufficient  time,  has  not  been  able 
fully  to  flow  away.  There  are  few  kinds  of  clay  land  on  which  the  ju- 
dicious use  of  this  valuable  instrument  will  not  prove  both  actually  and 
economically  useful,  though  from  the  neglect  of  the  above  necessary  pre- 
caution, it  has  been  found  to  fail  in  tlie  hands  of  some.  Such  failures, 
however,  do  not  justify  us  in  ascribing  to  some  fancied  defect  in  the  in- 
strument, or  itf  the  theory  upon  which  its  use  is  recommended,  what  ne- 
cessarily arose,  and  could  have  been  predicted,  from  our  own  neglect  of 
an  indispensable  preliminary  observation.  The  sanguine  anticipations 
of  its  inventor,  Mr.  Smith,  of  Deanston,  may  not  be  fully  realized,  yet 
the  value  of  the  subsoil  plough  itself,  and  the  benefits  it  is  htted  to  confer, 
when  rightly  used,  appear  to  me  to  be  both  theoretically  and  practically 
established. 

§  5.  Cy  deejh-plougking  and  trenching^ 

Deep-ploughing  and  trenching diflerfmm  ordinaiy  and  subsoil  plough- 
ing in  this,— that  their  Special  object  is  to  bring  to  the  surface  and  to  mix 
with  the  upper-soil  a  portion  of  that  which  has  lain  long  at  a  consider- 
able depth,  and  has  been  more  or  less  undisturbed. 

The  benefit  of  such  an  admixture  of  fresh  soil  is  in  many  localities  un- 
doubted, while  in  others  the  practical  farmer  is  decidedly  opposed  to  it. 
On  what  principle  does  its  beneficial  action  depend,  and  in  woatcircum- 
atances  is  it  likely  to  be  attended  with  disadvantage  ? 

1**.  It  is  known  that  when  a  heavy  shower  of  rain  falls  it  sinks  Into 
the  soil,  and  carries  down  with  it  such  readily  soluble  substances  as  it 
meet^  with  on  the  surface.  But  other  substances  also,  which  are  more 
'sparingly  soluble,  slowly  and  gradually  find  their  way  into  the  subsoil, 
and  there  more  or  less  permanently  remain.  Among  these  may  be 
reckoned  gypsum,  and  especially  those  silicates  of  pota/n  and  soda  al- 
ready spoken  of  (page  206),  as  apparently  so  useful  to  corn-growing 
plants.  Such  substances  as  these  naturqlly  accumulate  beyond  the 
reach  of  the  ordinary  plough.     Insoluble  substances  likewise  slowly 
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siDk.  This  is  well  known  to  be  the  case  with  lime,  when  laid  npoo  or 
ploughed  into  the  land/  So  it  is  wiih  clay,  "when  mixed  with  a  snrfhce 
8oil  of  ftand  or  peat.  They  all  descend  till  they  ^et  beyond  the  reach  of 
the  common  plough— aoJ  more  rapidly  it  in  said  (in  Lincolnshire) 
when  laid  down  to  grass,  than  when  they  are  constantly  brought  to 
the  surface  again  in  arable  culture.  Thus  it  happens  that  after  the  sur- 
face soil  becomes  exhausted  of  one  or  other  of  those  inorganic  compounds 
which  the  crops  require,  an  ample  supply  of  it  may  be  still  present  in 
the  subsoil,  though,  imtil  tumea  up,  unavailable  for  the  promotion  of  ve- 
getable growth. 

There  can  be  little  question,  I  think,  that  the  greater  success  which 
nttiuids  the  introduction  of  new  implements  in  the  hands  of  better  in* 
siructed  men,  upon  farms  long  held  in  arable  culture,  is  to  be  ascipbed  in 
uart  to  this  cause.  One  tenant,  during  a  long  lease,  has  been  in  the 
ljal»lt  of  ploughing  to  a  depth  of  three,  or  at  most,  perhaps,  of  four 
io(-hes-.-and  fmm  this  surface  the  crops  he  has  planted  have  derived  their 
chief  supplies  of  inorganic  food.  He  has  limed  his  land  in  the  customary 
manner,  and  has  laid  upon  it  all  the  manure  he  could  raise,  but  his  crops 
liave  been  usually  indifferent,  and  he  considers  the  land  of  comparative- 
ly little  value.  6ut  another  tenant  comes,  and  with  better  implements 
t  urns  up  the  land  to  a  depth  of  7  or  8  inches.  He  thus  brings  to  the  sur- 
fuce  the  lime  and  the  accumulated  manures  which  have  natureUly  sunk^ 
nnd  which  his  predecessor  had  permitted  year  after  year  to  bury  thera- 
F elves  in  his  subsoil.  He  thus  has  a  new,  pften  a  rich,  and  almost  always 
a  virgin  soil  to  work  upon— one  which,  from  being  long  buried^  may  ro- 
(]inre  a  winter's  exposure  and  mellowing  in  the  air,  but  which  in  most 
cases  is  sure  to  repay  him  for  any  extra  cost.  The  deep  ploughing 
which  descends  to  14  inches,  or  the  trenching  which  brings  up  a  new 
.soil  from  the  depth  of  20  or  30  inches,  is  only  an  extension  of  the  same 
practice.  It  is  justified  and  recommended  upon  precisely  the  same 
principle.  It  not  only  brings  a  uqw  soil,  containing  ample  nourishment, 
to  the  immediate  roots  of  plants,  but  it  affords  them  also  a  deeper  and 
more  open  subsoil,  through  which  their  fibres  may  proceed  in  every  di- 
rection in  search  of  food.  The  full  benefits  of  this  deepening  of  the  soil, 
liowever,  can  only  be  expected  where  the  j^ubsoil  has  previously  been 
Inid  dry  by  drains ;  for  it  matters  not  how  deep  the  loosened  and  perme- 
able soils  may  be,  if  the  accumulation  of  water  prevent  the  roots  from 
descending. 

J  2°.  Two  practical  observations,  however,  may  here  be  added,  which 
the  intelligent  farmer  will  always  weigh  well  before  he  hastily  applies 
t>iis  theoretical  principle— sound  though  it  undoubtedly  be — ^in  a  district 
with  which  he  has  no  previous  acquaintance.  It  is  possible  that  the 
deeper  soil  may  contain  some  substance  decidedly  noxious  to  vegetation. 
In  such  a  case  it  would  be  improper  at  once  to  mix  it  with  the  upper 
soil.  Good  drains  must  be  established,  they  must  be  allowed  some  time 
to  act,  and  the  subsoil  plough  will  be  used  with  advantage,  before  any 
portion  of  such  an  under-soil  can  be  safely  brought  to  the  surface.  The 
subsoil  plough  and  the  drain,  indeed,  as  I  have  already  mentioned,  are 
the  most  certain  available  remedies  for  such  a  state  of  the  subsoil.  In 
many  localities,  however,  the  exposure  of  such  an  under-soil  to  a  winter*s 
frost,  or  lo  a  summer  fallow,  will  so  far  improve  and  mellow  it,  as  to  ren* 
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der  it  capable  of  being  m^Jj  mixed  witb  the  surface  aoil.  Unless,  bow- 
ever,  this  mdlmamg  be  efllected  at  once,  and  before  admixture,  a  long 
time  may  elapse  ere  the  entire  soil  attain  to  its  most  perfect  condition.* 

Again,  it  is  known  that  some  districtSy  for  reasons  perhaps  not  well  un- 
derstood, are  more  infested  than  others  with  insects  that  attack  the  com 
Or  other  crops.  These  insects,  their  eggs,  or  their  larvn,  generally  bury 
themselves  in  the  undisturbed  soil,  immediately  beyond  the  ordinary 
reach  of  the  plough.  If  they  remain  wholly  undisturbed  during  the 
preparation  of  the  soil,  some  species  remain  in  a  dormant  state,  am]  the 
subsequent  crop  may  in  a  ^[reat  measure  escape.  Plough  tl)e  land  deep- 
er than  usual,  and  you  brinff  them  all  to  the  surface.  Do  this  in  the 
autumn,  auU  leave  your  land  unftowo,  and  the  frust  of  a  severe  winter 
may  kill  the  greater  part,  so  that  your  crops  may  thereafter  grow  in  safety. 
But  cover  them  up  again  along  with  your  winter  com,  or  let  this 
deep  piougbiog  be  done  in  the  spring,  and  you  bring  all  these  insects 
within  reach  ^  the  early  sun,  and  thus  call  them  to  life  in  such  num- 
bers as  almost  to  ensure  the  destruction  of  your  coming  crop.  It  is  to 
something  of  this  kind  that  I  am  inclined  to  aurlbute  the  immediate  fail- 
ures which  have  attended  the  trial  of  deep  ploughing  in  certain  parts  of 
England,  Thus  in  Berkshire,  certain  soils  which  are  usually  ploughed 
to  a  depth  of  only  two  inches,  yielded  almost  nothing  when  deeper  plough- 
ing was  more  lately  tried  upon  them — the  crop  was  almost  entirely  de- 
stroyed by  insects.  So  also  in  the  north  of  Yorkshire,  where  deep 
ploughing  has  recently  been  attempted,  the  wheat  crop  on  land  so  treated 
was  observed  to  suffer  more  from  the  worm  than  on  any  other  spot. 
Such/acts  as  these,  therefore,  show  the  necessity  of  caution  on  the  part 
of  the  practical  man,  and  especially  of  the  land  a^ent  or  steward,  how- 
ever correct  may  be  the  principles  on  which  his  general  practice  is 
founded.  Failures  such  as  the  above  do  not  show  the  principle  on  which 
deep  plougbine  is  recommended  to  be  false,  or  the  practice  to  be  in  any 
case  reprehended :  but  it  does  show  that  a  knowledge  of  natural  local 
peculiarities,  and  some  study  of  ancient  local  practice,  may,  in  an  im- 
portant degree,  influence  our  mode  of  procedure  in  introducing  more 
improved  methods  of  husbandry  into  auy  old  agricultural  district. 

§  6.  hnprovemtnt  of  (he  soil  by  mixing. 
There  are  some  soils  so  obviously  defective  in  constitution,  that  the 
most  common  observer  can  at  once  pronounce  them  likely  to  be  improved 
by  mechanical  admixtures  of  various  kinds.  Thus  peaty  soils  abound 
coo  much  in  vegetable  matter;  a  mixture  of  earthy  substances,  there- 
fore, of  almost  any  common  kind,  is  readil]^  indicated  as  a  means  of  ini- 
provemenL    In  like  manner  we  naturally  impart  consistence  to  a  sandy 

*  The  Marqoit  of  Tweedsle,  In  bit  hone-lhm  at  Tcttert,  bas  ntoed  Ms  land  in  vahia 
•Ij^hi  timoa  (from  6a.  to  40a.  per  acre)^  bv  dralnlof  and  deep  plougblnf.  After  dimtnlofc,  lbs 
fielda  of  atlffclay,  with  atreaka  of  aand  to  the  anbeotl,  are  lamed  over  to  a  depth  of  12  or  14 
inehee,  by  two  ploqfha(two  bonea  each)  folio  wing  on4  aootber,  the  under  6  Inchea  being 
thrown  on  the  top.  In  tbla  alaie  it  la  left  to  the  winter'a  firoat,  when  ft  lalJa  to  a  yellow  marly 
looking  aoil  It  is  now  ploughed  again  to  a  depth  of  9. or  10  locbea,  by  which  half  the  origi- 
■al  aoil  ia  bmogbt  airain  to  the  attrfhce.  Byaeroca  plonghlng  thlaia  mixed  with  the  new 
MiU,  after  which  lite  field  ia  prepared  In  tbe  uanal  way  for  tnmipa.  But  It  ia  obaerred  that  it 
the  ploughing  haa  been  to  late  thai  the  anbaoll  bv  not  had  a  proper  ezpoaure  to  the  wlnter'a 
eold,  tile  land  on  aucb  apota  doea  not  for  many  yeara  equal  that  which  waa  earUer  ploughed. 
Tbe  reaaoQ  la,  thac  when  Mwn  mlaaa  S0  «ttb  lbs  oibar  aoUt  llMsir  baa  no  ioBger  tbs  Bans 
ass  J  acceta  into  its  pofis. 
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Boil  by  an  admixture  of  clay,  and  openness  and  porosity  to  stiS' clays  by 
the  addition  of  sand. 

The  first  and  obvious  effect  of  such  additions  is  to  alter  the  physical 
qualities  of  the  soil—to  consolidate  the  peats  and  sands,  and  to  (oosen 
the  clays.  But  we  have  already  seen  that  the  fertility  of  a  suit,  or  its 
power  of  producing  a  profitable  return  of  this  or  that  crop,  depends  ia 
the  first  place  on  its  chemical  constitution.  It  must  contain  in  sufficient 
abundance  all  the  inorganic  substances  which  that  crop  requires  for 
its  daily  food.  Where  mis  is  already  the  case,  as  in  a  rich  stiff  clay,  a 
decided  improvement  may  be  produced  by  an  admixture  with  siliceous 
sand,  which  merely  separates  the  particles  mechanically,  and  reuders 
the  whole  more  porous.  But  let  the  clay  be  deficient  in  some  necessary 
constituent  of  a  fertile  soil,  and  such  an  addition  of  siliceous  sand  would 
not  produce  by  any  means  an  equal  benefit.  It  may  be  proper  to  add 
this  sand  with  the  view  of  producing  the  mere  physical  alteration,  but 
we  must  add  some  other  substance  also  for  the  purjiose  of  producing  the 
necessary  chemical  chance. 

The  good  efiects  which  almost  invariably  follow  from  the  addition  of 
clay  to  peaty  or  sandy  soils  are  due  to  the  production  at  one  and  the  same 
time  of  a  physical  and  of  a  chemical  change.  They  are  not  only  ren- 
dered firmer  or  more  solid  by  the  admixture  of  clay,  but  they  derive 
from  this  clay  at  the  same  time  some  of  those  mineral  substances  which 
they  previously  contained  in  less  abundance. 

'the  addition  of  marl  to  the  land  acts  often  in  a  similar  two-fold  capa- 
city. It  renders  clay  lands  more  open  and  friable,  and  to  all  soils  brings 
an  addition  of  carbonate,  and  generally  of  phosphate  of  lime,  both  of 
which  are  proved  by  experience  to  be  not  only  very  influential,  but  to  be 
absolutely  necessary  lo  healthy  vegetation. 

That  much  benefit  to  the  land  would  in  many  in«^ance8  accrue  from 
such  simple  admixtures  as  those  above  adverted  to,  where  the  means 
are  available*  will  be  readily  granted.  The  only  question  on  the  sub- 
ject that  ought  to  arise  in  the  mind  of  a  prudent  man,  is  that  which  is 
connected  with  the  economy  of  the  case.  Is  this  the  most  profitable  way 
in  which  I  can  spend  my  moneyt  Can  I  employ  the  spare  labour  of 
my  men  and  horses  in  any  other  way  which  will  yield  me  a  larger 
return  ?  It  is  obvious  that  the  answer  to  these  questions  will  be  mcxU- 
fied  by  the  circumstances  of  the  district  in  which  he  lives.  It  may  be 
more  profitable  to  drain,<-«-or  labour  may  be  in  great  request  and  at  a 
high  premium,— or  a  larger  return  may  be  obtained  by  the  investment 
of  money  in  purchasing  new  than  in  improving  old  lands.  It  is  quite 
true  that  the  country  at  large  is  no  gainer  by  the  mere  transfer  of  land 
from  the  hands  of  A  to  those  of  B,  and  that  he  is  undoubtedly  the  most 
meritorious  citizen  who,  by  expending  his  money  in  improvini^  the  scnl, 
virtually  adds  to  the  breadth  of  the  land,  in  causing  it  to  yield  a  larger 
produce.  Yet  it  is  no  less  true  that  the  employment  of  individual  capi- 
tal in  such  improvement  is  not  to  be  exacted  generally  to  take  place, 
unless  it  be  made  to  appear  that  such  an  investment  is  likely  to  be  as 
proH table  as  any  other  within  the  reach  of  its  possessor.  It  seems  to  be 
established  beyond  a  doubt,  tliat  in  very  many  districts  no  money  is  more 
profitably  invested,  or  yields  a  quicker  letum,  than  that  which  is  ex- 
pended in  draining  and  subsoiling--4md  yet  in  reality  one  main  obstade 
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to  a  more  rapid  increase  in  the  general  produce  of  the  British  soil  is  the 
praciicaldiUicully  which  exists  in  con viocing  the  owners  and  occupiers 
of  the  soil  that  such  is  the  case,  or  would  be  the  case,  in  regard  to  their 
own  holdings.  The  more  widely  a  knowledge  of  the  entire  subject,  in 
all  its  bearings,  becomes  diflfased,  the  less  it  is  to  be  hoped  will  this  diffi- 
culty become— for  the  economist,  who  regards  the  question  of  improve- 
Tnent  as  a  mere  matter  of  proBt.  and  loss,  cannot  strike  a  fair  balance 
unle^  he  knows  the  several  items  he  may  prudendy  intFpduce  into  each 
side  of  his  account. 

Thus  in  reference  to  the  special  point  now  before  us,  it  seems  reason- 
able to  believe  that,  in  a  country  such  as  that  here  represented.  Where 
alceroate  hills  of  sand  (3),  and  hollows,  and  flats  of  clay  (4)  occur,  there 


may  be  many  spots  wh^re  both  kinds  of  soil — ^l)eing  near  each  other- 
might  be  improved  by  mu'iual  admixture,  at  a  cost  of  labour  which  the 
alteration  in  the  quality  of  the  land  might  he  well  expected  to  repay. 
In  this  condition  is  a  considerable  portion  of  the  eastern  half  of  the 
county  of  Durham,  and,  especially,  1  may  mention  the  neighbourhood 
of  Castle  Eden,  where  a-cold,  stiff",  at  present  often  poor  clay,  rests  upon 
red,  rich-looking,  loamy  sand,  in  many  places  easily  accessible,  and  by 
admixture  with  which  its  agricultural  capabilities  may  be  expected  to 
improve.  In  this  locality,  and  in  many  others  besides,  those  having  a 
pecuniary  interest  in  the  land  rest  satisfied  tliat  their  fields  are  incapable 
of  such  improvement,  or  would  give  no  adequate  return  for  the  outlay 
required,  without  troubling  themselves  to  collect  and  compare  all  the 
facts  from  which  a  true  solution  of  the  question  can  alone  be  drawn. 

Besides  such  general  admixtures  for  the  improvement  of  land,  the 
geological  formation  of  certain  districts  places  within  the  reach  of  its  in- 
telligent farmers  means  of  improvement  of  a  special  kind,  of  which  they 
may  often  profitably  avail theinsHves.  'Thus  both  in  Europe  and  Ame- 
rica, the  greeti'Sand  soils  (p.  243)  are  found  to  be  very  fertile,  and 
the  sandy  portions  of  this  formation  are  often  within  easyaistance  of  the 
stiflTclays  of  the  gault,  and  of  the  p{)or  soils  of  the  chalk  with  either  of 
which  they  might  be  mixed  with  most  beneticial  effects.  The  soils  th|at 
rest  on  the  new^  and  even  on  some  parts  of  the  old  red  sandstone,  are 
in  like  manner  often  within  an  available  distance  of  beds  of  red  marl  of 
a  very  fertilizing  character  (p.  248),  while  in  the  granitic  and  trap 
districts  the  materials  of  which  these  rocks  consist,  if  mixed  with  judg- 
ment, maybe  made  materially  to  benefit  some  of  the  neighbouring  soils. 
To  this  point,  however,  I  shall  draw  your  attention  again  in  my  next  lec- 
ture, when  treating  of  mineral  manures. 


LECTURE  XV. 

'  Improvement  of  the  eoU  by  ehemleal  means.— Principlee  on  which  all  manoring  depeodi. 
—Mineral,  yegeiable,  and  animal  manures.— Salioe  manurca.— Cartwnales.-Pearl-aab. 
—Sulphates.— Oiaubcr  salts.— Chloridea-Gomraon  8alL— Nitrates.— Nitrate  of  soda.~ 
Phofiphales.— Phosphate  of  lime.— Silicates.  Bilicate  of  potash.— flaUne  mixtures.— 
Vegetable  asbes.iFrepared  gnniie.— Use  gf  lime. 

The  mechanical  methods  of  improviojE;  the  eoiL  desqjbed  in  the  pre- 
ceding section,  are  few  in  number  and  simple  in  tlieory.  They  are  so 
important,  however,  to  the  general  fenility  of  the  land,  that  were  they 
juillciously  employed  over  the  entire  surface  of  our  island^  they  would 
<iIone  gready  increase  the  average  produce  of  the  British  and  Irish  soils. 
1  may,  indeed,  repeat  what  was  stated  in  reference  to  draining  (p.  308), 
i!int  the  full  effect  of  every  other  means  of  improving  the  soil  will  be 
obtained  in  those  districts  only  where  these  mechanical  methods  have 
already  been  had  recourse  to. 

Thb  chemical  methods  of  improving  the  soil  are  founded  upon  the 
following  principles,  already  discussed  and  established : — 

1°.  That  plants  obtain  from  a  fertile  soil  a  variable  proportion  of  their 
organic  food  ;— of  their  nitrogen  probably  the  greatest  pan. 

2°.  That  they  require  inorganic  food  also  of  various  kinds,  and  that 
tills  they  procure  solely  from  the  soil. 

3°.  That  different  species  of  plants  require  a  special  supply  of  dif- 
ferent kinds  of  inorganic  food,  or  of  the  same  kinds,  in  diflerent  pro- 
portions. 

4*^.  That  of  these  inorganic  substances  one  soil  may  abound  or  be 
deHcient  in  one,  and  another  soil  in  another ;  and  that,  therefore,  this  or 
that  plant  will  prefer  to  grow  on  the  one  or  the  other  accordingly. 

On  these  few  principles  tlie  whole  art  of  improving  the  soil  by  che- 
mical means — ^in  other  words,  of  beneficially  manijring  the  soil — is 
founded. 

It  must  at  the  same  time  be  borne  in  mind,  that  there  are  three  dis- 
tinct methods  of  operation  by  which  a  soil  may^  be  improved : — 

1°.  By  removing  from  it  some  noxious  ingredient.  The  only  method 
by  which  this  can  be  efifected  is  by  draining, — providing  an  -outlet  by 
which  it  mav  escape,  or  by  which  the  rains  of  heaven,  or  water  applied 
in  artificial  irrigation,  may  wash  it  away. 

2°.  By  changing  the  nature  or  state  of  combination  of  some  noxious 
ingredient,  which  we  cannot  soon  remove  in  this  way ;  qr  of  some  inert 
ingredient  which,  in  its  existing  condition,  is  unfit  to  become  food  for 
plants.  These  are  purely  chemical  processes,  and  we  put  them  re- 
spectively in  practice  wlien  we  add  lime  to  peaty  soils,  or  to  such  as 
abound  in  sulphate  of  iron  (p.  212),  when  by  admitting  the  air 
into  the  subsoil  we  change  the  prot-oxide  into  the  per-oxide  of  iron, 
(p.  210,)  or  when  by  adding  certain  known  chemical  compounds  we 
produce  similar  beneficial  chemical  alterations  upon  other  compounds 
already  existing  in  the  soil. 


ACTION  or  CHXMICAfc  SUBSTANCES  IN  THX  SOUm  327 

3^.  By  adding  to  the  soil  those  substances  which  are  fitted  to  become 
the  food  of  plants.  This  is  what  we  do  in  strictly  manuring  the  soil-^ 
tboagfa  we  are  as  yet  unable  in  many  cases  to  say  whether  that  which 
we  ^A  promotes  vegetation  by  actually  feeding  tne  plant  and  entering 
into  its  substance— or  only  by  preparing  fixxl  for  it.  There  is  reason  to 
believe,  however,  that  many  substances,  such  as  potash,  soda,  &c.,  act 
in  several  capacities,— now  preparing  food  for  the  plant  in  the  soil,  now 
bearing  U  into  the  living  circulation,  and  now  actually  entering  into  the 
perfect  substance  of  the  growing  vegetable.  In  order  to  steer  clear  of 
the  difficulty  which  this  circumstance  throws  in  the  way  of  an  exact 
classification  of  th^  chemical  substances  applied  to  the  soil,  I  shall  con- 
sider senerally  under  the  name  oimanure*^  all  those  substances  which  arc 
usually  applied  to  the  land  for  the  purpose  of  promoting  vegetable  growth ; 
whether  those  substances  be  supposed  to  do  so  directly  by  feeding  the 
plants,  or  only  indirectly,  by  preparing  their  food,  or  by  conveying  it  into 
their  circulation. 

Manures,  then,  in  this  sense,  are  either  simple,  like  common  salt  and 
nitrate  of  soda,  or  they  are  mixed,  like  farm-yard  manure  and  the  nu- 
merous artificial  manures  now  on  sale.  Or,  agaio,  they  consist  of  sub- 
stances of  mineral,  of  v<S£etable,  or  of  animal  origin.  The  latter  is  the 
more  natural,  and  is  by  lar  the  most  useful,  classification.  We  shall, 
therefore,  consider  the  various  substances  employed  iir  improving  the 
soil— or  what  is  in  substance  the  same  thing,  in  promoting  vegetation,— 
In  tl^  following  order : — 

1°.  Miner ai  m<iaur«tf— 'including  those  substances,  whether  simple  or 
mixed,  which  are  of  mineral  origin,  or  which  consist  entirely  of  inor- 
ganic or  mineral  matter.  Under  this  head  the  use  of  lime  and  of  the 
ashes  of  plants  will  fall  to  be  considered. 

2°.  Vegetable  maaur«tf.— These  are  all  of  natural  origin,  and  are  all 
mixtures  of  organic  and  inorganic  matter. 

3°.  Animal  manures^  which  are  also  mixtures,  but,  owing  to  their  im- 
mediate origin,  diiier  remarkably  in  consritution  from  vegetable  sub- 


§  1.  Of  mineral  manures* 

Mineral  manures  may  be  conveniently  considered  under  the  two  heads 
of  saline  and  earthy  manures. 

A.->-SAJJNE  MANURES. 

1°.  Carbonate  of  potash. — This  substance,  in  the  form  either  of  crado 
potash  or  of  the  pearl-ash  of  the  shops,  has  hitherto  ^een  considered  too 
high  in  price  to  admit  of  iu  extensive  application  in  the  culture  of  the 
land. 

20.  Carbonate  of  so4a. — This  remark,  however,  does  not  apply  to 
the  carbonate  of  soda  (common  soda  of  the  shops),  which  is  sufficiently 
low  in  price  («£11  a  4on)  to  allow  of  its  being  applied  with  advantage 
under  many  circumstances.  In  the  case  of  grass-lands,  which  are  over- 
ran with  moss— of  such  as  abound  largely  in  vegetable  matter  or  in 
noxious  sulphate  of  iron— a  weak  solution  applied  with  a  water-cart 
might  be  expected  to  produce  good  results.  It  might  be  applied  in  the 
aame  way  to  fields  of  sprouting  com,  or  in  fine  powder  as  a  top-dressiDg 
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in  tnowt  weather-— and  generally  wherever  wood  ashes  are  foand  nsefal 
to  vegetaiion. 

Many  experiments  have  shown  that  both  of  these  substances  may  be 
employed  in  the  field  with  advantage  to  the  growing  crop— 4)ut  further 
trials  are  necessary  to  show  how  far  the  practical  farmer  may  safely  use 
them  with  the  hope  of  profit.  In  fi^ardening,  tHey  greatly  hasten  the 
growth  and  increase  the  produce  of  the  strawberry,*  and  in  garden  cul- 
ture, generally,  where  the  cost  of  the  manure  employed  is  ct  less  con- 
sequence, more  extended  trials  would,  no  doubt,  lead  to  useful  results. 

The  quantity  of  these  substances  which  ought  to  be  applied  to  our 
fields,  in  order  to  produce  the  beneficial  effect  which  theory  and  practice 
both  lead  us  to  expect,  will  depend  much  upon  the  natureof  the  soi^  in 
each  locality  and  on  the  kind  of  manuring  to  which  it  has  previously 
been  subject^.  By  referring  to  our  previous  calculations  (page  222,) 
it  will  be  seen  tliat  upwards  of  800  lbs.  of  these  carbonatesf  would 
be  necessary  to  replace  all  that  is  extracted  from  the  soil  by  the  entire 
crops  during  a  four  years*  rotation.  But  in  good  husbandry  every  thing 
is  returned  to  the  soil  in  the  form  of  manure  which  is  not  actually 
sent  to  market  aud  sold  for  money.  That  is— the  grain  only  of  the  com 
crops,  the  dairy  produce,  and  the  live  stock,  are  carried  oif  the  land.l 
Less  than  40  lbs.  per  acre  of  the  mixed  carbonates  would  replace  all  thai 
is  contained  in  the  grain,  and  if  we  suppose  as  much  to  be  present  in  the 
other  produce  sold,  we  have  80  lbs.  for  the  quantity  necessary  to  be  re- 
stored to  the  land  by  the  good  husbandman  every  four  years,  in  order  to 
keep  his  farm  permanently  in  the  same  condition.  There  are,  however, 
in  most  soils,  certain  natural  sources  of  supply  (pp.  207,  208)  by  which 
new  portions  of  these  alkalies  are  continually  conveyed  to  them.  Hence 
it  is  seldom  necessary  to  add  to  the  land  as  much  of  these  substances  as 
we  carry  oflT;  and  therefore  from  40  to  60  lbs.  per  acre,  of  either  of 
them,  may  be  considered  as  about  the  largest  quantity  which,  in  a  well- 
managed  farm,  need  be  added  in  order  to  give  a  fair  trial  to  their  agri- 
cultural value.  Half  a  cwt.  of  the  potash  will  cost  less  than  15s.,  and 
of  the  soda  less  than  6s.,  or  of  a  mixture,  in  equal  quantities,  less  than 
21s.  at  thf  ir  present  prices. 

IJieory  of  (tie  action  ofpoicuik  and  soda. 
But  upon  what  theoretical  grounds  is  the  beneficial  action  of  potash 
and  soda  upon  vegetation  explained  ?     This  question,  to  which'  1  have 
already  more  than  once  drawn  your  attention  (pp.  83  and  187),  it  will 
be  proper  here  briefly  to  consider. 

a.  The  first  and  most  obvious  purpose,  served  by  the  presence  of  these . 
Idkalies  in  the  soil,  is  that  of  yielding  readily  to  the  growing  plant  such  I 
a  full  supply  of  each  as  may  be  essential  to  its  healthy  growth.     If  the  ! 
roots  can  collect  them  from  the  soil  slowly  only,  and  with  difficulty,  the 
growth  of  the  plant  will  necessarily  be  retarded ;  while  in  situaiioos 

'  Mr  Fleming,  of  Bamehan,  has  informed  me  that  he  found  thla  to  be  the  caee  witti  Uia 
common  potash ;  and  Mr.  Campbell,  of  klay,  wlih  the  common  aoda  of  the  abopt.  They 
ahould  be  applied  rarlj  In  Uie  aprinft,  and  In  the  atateofaverx  week  aoltifion.  WouW 
aahea  would  probably  produce  a  aimilar  effect 

1 380  Iba.  of  dry  pearl  aah  and  440  Iba.  of  cryatallised  carbonate  of  aoda. 

I  In  bod  hoabaodry  much  more  la  carried  off  the  land  by  the  wast«  of  Uqnld  and  other 
manure.— flea  the  wrr.esdlng  ckaptv, "  On  onAnof  monurM." 
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where  they  naturally  abound,  or  are  arrificially  supplied,  the  erwps  "vnll 
as  certaioly  prove  both  more  early  and  more  abundant— provided  do 
other  essential  food  be  deficient  in  toe  soil. 

In  reference  to  this  mode  of  action  i^'  will  occur  to  ^on  that  potash  is 
the  more  likely  of  the  two  to  be  beneficial  to  our  cultivated  crops,  inas- 
much as  the  ash  of  those  plants  which  are  raised  for  food  is  generally 
much  more  rich  in  potash  than  in  soda.  [See  the  tabular  details  siven  in 
Lecture  X.,  §  3.,  p.  216  et  seq.]  But  this  may  possibly  arise  nom  the 
more  abundant  presence  of  potash  in  the  soil  generally,  since  some 
chemists  are  of  opinion  that  soda  may  take  the  place  of  potash  in  the  in- 
terior of  plants,  toithout  materially  effecting  their  growth,  [Berxelius 
Oimie,  VJ,,  p.  733,  edit.  1832.]  This  hypothesis,  whatever  may  be 
its  theoretical  value,  will  prove  useful  to  practical  agriculture  if  it  lead  to 
experiments  from  which  the  relative  action  of  each  of  ihese  carbonates, 
in  the  same  circumstances,  may  be  deduced,— and  the  specific  influ- 
ence of  each,  in  promoting  the  growth  of  particular  plants,  in  some  de- 
gree determined.  Potash  (or  wood-ashes)  aids  the  growth  of  com  aiter 
turnips  or  potatoes  (Lampadius)— would  soda  do  the  same  ?  Carbon- 
ate of  soda  assists  in  a  remarkable  manner  the  growth  of  buck-wheat 
(Sprengel) — would  the  same  good  efTects  follow  from  the  use  of  potash  ? 

h.  Another  purpose  which  these  carbonates  are  supposed  to  serve,  is 
that  of  combining  with,  and  rendering  soluble,  the  vegefable  matter  of  ^ 
the  soil,  so  as  to  bring  it  into  a  state  in  which  it  may  be  readily  con* 
veyed  into  the  roots  of  plants.  They  may  in  this  case  be  said  to  pre" 
pare  the  food  of  plants.  That  they  are  really  capable  of  forining 
readily  soluble  compounds  with  the  humic  acid,  and  with  certain  other 
organic  substances  which  exist  in  the  soil,  is  certain.  Those,  however, 
who  maintain  with  Liebig  that  plants  imbibe  aU  their  carbon  in  the 
form  of  carbonic  acid,  will  not  be  willing  to  admit  that  this  property  of 
the  above  carbonates  can  either  render  them  useful  to  vegetation,  or  ac- 
count fof  the  beneficial  action  they  have  so  often  been  observed  to  exer- 
cise. From  this  opinion  we  have  already  seen  reason  (pp.  63  and  64,) 
to  dissent,  and  we  are  prepared,  therefore,  to  concede  that  potash  and 
soda,  in  the  form  of  carbonates,  may  act  beneficially  upon  vegetation-— 
by  preparing  the  organic  matter  of  the  soil  for  entering  into  the  roots  of 
plants,  and  thus  administering  to  their  growth. 

This  preparation  also  may  be  eflTected  either  by  their  directly  com- 
bining with  the  organic  matter,  as  they  are  known  to  do  with  the*humic 
and  other  acids  which  exist  iu  the  soil ;  or  by  their  disposing  this  or- 
ganic matter,  at  the  expense  of  the  air  and  of  moisture,  to  form  new 
chemical  compounds  wnicJi  shall  be  capable  of  enterinij  into  the  vege- 
table circulation.  This  disposing  infltience  of  the  alkalies,  and  even  ot 
lime,  is  familiar  to  chemists  under  many  other  circumstances. 

This  mode  of  action  of  the  carbonates  of  potash  and  soda  can  be  ex 
eicised  in  its  fullest  extent  only  where  vegetable  matter  abounds  in  the 
soil.  It  is  stated  by  Sprengel  [Lehre  vom  DUnger,  p.  402,]  according- 
ly, as  the  result  of  experiment,  that  they  are  most  useful  where  vegeta- 
ble matter  is  plentiful,  and  that  they  ought  to  be  employed  more  spar- 
ingly, and  with  some  degree  of  hesitation,  where  such  organic  matter  is 
deficient. 

c.  We  have  already  seen,  during  our  study  of  the  composition  of  tb» 
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a3h  of  plants  (page  216  et  »eq.)  how  very  importaot  a  substance  silica  is*  ' 
eapeciaiUy  to  the  grasses  and  the  stems  of  our  various  com-beariog  plants. 
This  silica  exists  very  frequently  in  the  soil  in  a  state  in  which  it  is  insol- 
uble in  pure  water,  and  yet  is  more  or  less  readily  taken  up  by  water 
containing  carbonate  of  potash  or  carbonate  of  soda;  and  as  there  is  eve- 
ry reason  to  believe  that  nearly  all  the  silica  they  contain  is  actually  con- 
veyed into  the  circulation  of  plants  by  the  agency  of  potash  and  soda,  (ia 
the  state  of  silicates— see  pp.  S3  and  207,)  it  is  not  unlikely  that  a  portion 
of  the  beneficial  action  of  these  substances,  especially  upon  the  grass  and 
corn  crops,  may  be  due  to  the  quantity  of  silica  they  are  the  means  of 
conveying  into  the  interior  of  the  growing  plants. 

d.  Another  mode  in  which  these  substances  act,  more  obscurely,  per- 
haps, though  not  less  dertainly,  is  by  disposing  the  organic  matters  con- 
tained in  the  sap  of  the  plant  to  form  such  new  combinations  as  may  be 
reciuired  for  the  production  of  the  several  parts  of  the  living  vegetable.  1 
have  on  a  former  occasion  illustrated  (  pp.  1 12-114,)  to  you  the  very  re- 
markable changes  which  starch  may  be  made  to  undergo,  without  any 
essential  alteration  in  its  chemical  composition— how  gum  and  sugar 
may  be  successively  produced  from  it,  without  either  loss  or  gain  in  respect 
of  its  original  elementary  constitution.  We  have  'seen  also  how  tbm 
presence  of  a  comparatively  minute  quantity  of  diastase  (p.  118)  or  of 
sulphuric  acid  (p.  113)  is  capable  of  inducing  such  changes,  first  reiuleriDg 
the  starch  soluble,  and  then  converting  it  into  guoii  and  into  sugar.  Ana- 
logous, though  somewhat  different  chaiups,  are  induced  by  the  presence 
in  certain  solutions  of  small  quantities  of  potash*  or  soda,  as,  for  example, 
in  mtlk^«the  addition  of  carbonate  of  soda  to  which  gradually  causes  (per- 
suades ?)  the  whole  of  the  sugar  it  contains  to  be  converted  into  the  acid  of 
milk.  Such  changes  also  must  be  produced  or  fhcilitated  by  the  presence 
of  acid  and  of  alkaline  substances  in  the  sap  of  plants ;  and  though  we 
can  as  yet  only,  guess  at  the  precise  nature  of  these  changes,  yet  there 
seems  good  ground  for  believing  that  to  facilitate  their  production  is  one  of 
the  many  purposes  served  by  the  constant  presence  of  inorganic  substances 
in  the  sap  of  plants,  indeed  so  important  is  this  function  considered  by 
sonae  writers  upon  the  nourishment  of  plants,  (see  especially  Hlubeck's 
ErndhrungderPfianzenundSUiUkiiesLatidbaues,)  that  they  are  inclined 
to  ascribe  to  it,  erroneously  however,  as  I  believe,  (he  main  influence  upon 
vegetation,  of  nearly  all  the  inorganic  substances  which  are  found  in  the 
ash  of  plants,  and  therefore  ar^  known  to  enter  into  their  circulation. 

e,  £  only  allude  to  one  other  way  in  which  these  substances  may  be  sup- 
posed to  have  an  influence  upon  vegetation.  We  have  already  seen  (Lee, 
V III,  §  5, 6,  7,  pp;id9  to  167,)  how  important  a  part  the  nitric  acid  produ- 
ced in  the  atmosphere  or  in  the  soil  may  be  supposed  to  perform  in  the  gen- 
eral vegetation  of  the  globe.  This  acid  is  observed  to  be  more  abundantly 
-^either  fixed  or  actually  prq^uced  in  the  soils  orcomnosts  which  contain 
much  potash  or  soda.  It  may  be,  therefore,  that  in  adding  either  of  these 
to  our  fields.  We  give  to  the  soil  the  means  of  bringing  within  the  reach 
of  the  roots  of  our  crops  a  more  ready  supply  of  nitric  acid,  'and  hence 
of  nitrogen,  so  necessary  a  part  of  their  daily  jood. 

3^.  Sidphates  of  PoUuh  and  Soda.'—It  is  nearly  100  years  since  Dr. 

*  It  is  nSm  sbowp  (p.  113,)  tlutf,  1^  Busaiu  of  potash,  woody  fllm  maj  be  coavertod 
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Ifome*  of  Edinburgh,  observed  that  these  salts  produced  a  beneficial 
effect  upon  vegetation.  Applied  to  growing  com,  they  increased  the 
produce  by  one-fourth.  Other  experinaents,  since  made  in  Germany, 
have  shown  that  they  may  be  applied  with  manifest  advantage  both  to 
field  crops  and  to  fruit  trees  (Sprengel),  but  the  price  has  hiUierto  been 
considered  too  high  to  admit  of  their  being  economically  used  in  ordinary 
husbandry. 

The  manufacture  of  sulphate  of  soda  in  England,  however,  has  of 
late  years  become  so  much  extended,  and  the  price  in  consequence  so 
much  reduced,  that  I  was  induced  in  the  spring  of  the  year  1841,  (when 
the  publicarion  of  these  lectures  was  commenced,)  again  to  recommend 
it  lo  the  attention  of  the  practical  agriculturists  of  the  country*-as  likely, 
either  alone  or  mixed  with  other  substances,  to  increase-  in  many  locaH- 
ties  not  only  the  produce  but  the  profit  also  to  be  derived  from  the  land. 
(See  Appendix,  also  published  at  the  end  of  this  volume,—**  Suggestions 
for  Experiments  in  Practical  Agriculture,"  No.  I.)  Many  experiments 
were  in  consequence  made  in  various  parts  of  the  country,  the  details  of 
some  of  which  are  given  in  the  Appendix.  When  applied  at  the  rate  of 
half  a  cwt.  of  the  dry  salt  (or  one  owt.  of  crystals)  per  acre,  it  produced 
little  effect  upon  the  hay  crop,  the  quantity  being  probably  too  small. 
Applied  to  hay  and  rye,  at  the  rate  of  84  ll)s.  of  the  dry  salt,  and  to  pota- 
toes at  the  rate  of  100  lbs.,  it  gave  per  imperial  acre,  with 

Uodrewed.  Drested  with  Sulphate.  Ineraase. 

Hay 4480   lbs.  6Q88    lbs.  808   lbs. 

WintPr  Rv«     5  «™'"'       ^^^    ^-  896    lbs.  2^    lbs. 

winter  ivye     ^  ^j^aw,    4096   lbs.  4608   lbs.  612  lbs. 

Potatoes    ....  16]  tons.  1 87  tons.  1 J  tons* 

The  grain  of  the  dressed  rye  was  much  heavier  than  that  of  the  other, 
and,  though  nitrate  of  soda  and  sal-ammoniac  applied  to  other  parts  of 
the  same  6eld  caused  a  larger  increase  in  the  crop  of  rye,  yet  the  increase 
obtained  by  the  use  of  the  sulphate  vroB  cheaper  per  bushd  than  that  ob- 
tained by  the  use  of  either  of  the  other  substances. 

On  beans  and  peas  also  the  effect  produced  by  it  (Appendix,  page  23,) 
was  very  striking — its  action  being  exerted  not  upon  the  straw  but  upon 
the  pods,  increasing  their  number  and  enlarging  their  size. 

The  results  of  these  experiments,  therefore,  are  such  as  to  encourage 
further  trials.  The  quantity  applied  should  not  be  less  than  one  cwt. 
of  the  dry  salt  per  acre,  and  it  should  be  put  on  either  in  the  state  of  a 
very  weak  solution  witli  a  water^art,  or  sprinkled  on  the  young  crop 
when  the  ground  is  moist  or  when  rain  is  soon  expected. 

4^.  Srdphate  of  Magnesia  {Epaom  Salts)  was  found  by  Dr.  Home  to 
promote  vegetation  almost  in  anequaldegree  with  the  sulphates  of  potash 
and  soda,  but  the  usually  high  price  of  this  compound,  among  other 
causes,  has  hitherto  prevented  it  from  being  tried  upon  an  extensive 
acale.  The  manufacture  of  this  article  also  has  of  late  years,  however, 
been  so  much  extended  and  simplified,  that  the  refined  salts  for  medi- 
cinal purposes  may  be  purchased  as  low  as  88.  a  cwt.  (at  Messrs.  Cook- 
0on*8,  Jarrow  Alkali  Works,  near  Newcastle,^  and  the  impure  salts  of  the 
Yorkshire  and  other  alum  works  at  a  much  lower  rate.  So  much  capi- 
tal indeed  has  now  been  embarked  in  the  manufacture  of  the  sulphates 
and  carbonates  of  soda  and  magnesia  (p.  192),  and  it  is  so  deurabU 
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on  many  accounts  to  discover  newomleis  for  the  products  of  ibeae  impoi^ 
taot  manufacturies,  that  were  there  only  theoretical  reasons  ibr  believing 
them  likely  to  benefH  practical  agriculture,  it  would  be  desirable  to  make 
trial  of  their  effects  upon  the  land.  But  their  favorable  influence  has 
already  been  shown,  and  it  remains,  therefore,  only  to  work  out  the  de- 
tails by  which  their  application  to  this  or  that  soil  or  crop  shall  be  so 
regulated  as  to  yield  a  fair  and  constant  profit  to  the  fatmer  ^ho  em- 
ploys them. 

I  have  elsewhere  (Appendix,  p.  4,)  t^ommended  the  application  of 
sulphate  of  soda  at  the  rate  of  1  cwt  of  the  dry  salt,  or  of  2  cwt.  of  crys- 
tals (cost  lOs.  or  lis.)  per  acre.  The  Epsom  salts  are  only  sold  in  crys- 
tals, and  1^  cwt.  (cost  128.)  in  this  form  should  be  nearly  equal  in  effi- 
cacy upon  the  land  to  2  cwt.  of  crystallized  sulphate  of  soda.  In  this 
proportion,  therefore,  it  would  be  proper  to  apply  it  to  the  young  crops, 
especially  of  wheat,  clover,  peas,  beans,  and  other  leguminous  plants. 

5°.  Sul^Mte  of  Lime  {Oypsum)  has  been  long  and  extensively  applied 
to  the  land  in  various  countnes  ana  to  various  crops.  In  Germany  its  influ- 
ence has  been  most  generally  beneficial  upon  ffrass  and  red  clox'er,  while 
in  many  parts  of  the  United  States  it  is  applied  with  advantage  to  almost 
every  crop.  In  the  former  country  and  in  England,  it  is  usually  dusted 
over  the  young  plants  in  early  spring ;  in  America  it  is  frequently  aown 
with  the  seed,  or,  in  the  case  of  potatoes,  put  into  the  drills  or  boles 
along  with  the  manure.  The  propriety  of  adopting  the  one  rather  than 
the  other  of  these  methods  will  depend  upon  the  nature  of  the  soi]  and 
upon  the  climate.  Gypsum  requires  much  water  to  dissolve  it,  and  in 
dry  soils,  climates  or  seasons,  it  might  readily  fail  to  influence  the  crop 
at  all,  if  applied  in  the  form  of  a  top-dressing  only. 

It  would  appear  that  the  time  and  mode  of  its  application  has  more 
influence  upon  its  activity  than  we  might  suppose— siuce,  according  to 
Professor  Kdrte,  when  applied  to  clover  at  diflerent  periods  in  the  spnng, 
the  produce  of  diflerent  parts  of  the  same  field  was  in  the  follow^ing 
proportions  :— 

Undressed 100  lbs. 

Top-dressed  on  the  30th  of  March, 132  lbs. 

"  "  I3th  of  April, 140  lbs. 

*»  "   .       27th  of  April, 166  lbs.* 

The  efiect  of  a  top  dressing  of  fypsum  seems  therefore  to  be  greatest 
when  it  is  applied  after  the  leaves  have  been  pretty  well  developed. f 

neory  of  the  action  of  these  auIphaUs. 

a.  It  does  not  seem  diflicult  now  to  account  for  the  general  action  of 
these  several  sulphates  of  potash,  soda,  magnesia,  and  lime.  The  ex- 
planation may  be  deduced  partly  from  recent  chemical  analyses,  and 
partly  from  agricultural  experiments  more  lately  made  by  practical  men. 

It  has  been  found,  for  example,  thai  sulphur  is  a  constant  and  appa- 
rently necessaiy  constituent  of  the  gluten  and  albumen  of  the  several 
varieties  of  grain,  and  of  the  legumin,  which  forms  the  largest  part 

1 3iSglimeke  Jahrbucher,  I,  p.  86,  quoted  In  HlulMk'a  I^fiantemndkrvng. 

X  Cau  the  reenlt  here  meoUoned  have  any  eonnecUoo  with  (he  fact  obaerved  by  Peechler, 
that  (T peam  laid  apoa  the  iMYee  of  plaats  Is  gradually ,  confeitod  Into  carttooaia,  Hi  snipliiirio 
■oldl>^alMM>rb£l1  -^ 


TnORT  or  TUB  ACfBMI  «r  VSnS  tO£nATBS.  dSJ 

of  tb«  rabsrance  of  the  pea,  the  bean,  the  vetch,  and  of  the  eeeda  of 
ether  leguminous  pianu.  This  sulphur  they  must  obtain  from  the  soil, 
and  one  cause  of  the  efficacy  of  the  above  sulphates  is  unquestionably 
that  they  are  fitted  easily  to  ^Id  to  the  growing  plant  the  supply 
of  snlphur  they  necessarily  reqaue-— while,  if  they  are  more  efficacious 
upon  the  leguminous  tlum  upon  other  kinds  of  plants,  it  is  because 
tftie  latter  produce  a  larger  proportion  of  that  kind  of  organic  matter  in 
which  sulphur  is  constantly  present. 

That  such  is  really  the  true  explanation  of  their  general  action  is 
proved  by  the  observation— -that  sulphuric  acid  applied  to  the  land  in  a 
very  dilnted  state  exerts  an  infloeBce  upon  the  crops  precisely  similar  to 
that  observed  when  gypsum  or  sulphate  of  soda  is  used.  (See  Appendix, 
Noe.  I.  and  11.) 

In  reference  to  this  mode  of  action  it  is  of  consequence  to  know  the 
relative  efficiency  of  the  several  salts.  This  will  obviously  depend  upon 
the  relative  proportions  of  sulphiJr  or  sulphuric  acid  they  contain— sup- 
posing the  circumstances  in  which  they  are  applied  to  be  equally  favour- 
able to  the  introduction  of  each  into  the  circulation  of  the  plant.  Their 
relative  value  upon  this  view  is  as  fidlows  :*-> 

100  lbs.  of  bumed^ypsum  are  equal  to,  or  contain  as  much  sulphuric 
acid,  as  ^ 

126  lbs.  of  common  or  nnbnmed  gypstmi. 

138  lbs.  of  sulphate  of  potash.  ' 

104  lbs.  of  sulphate  of  soda*— dry. 

235  lbs.  of  sulphate  of  soda— -crystallized. 

180  lbs.  of  sulphate  of  magnesia— crystallized. 
And  as  of  all  these  the  gypsum  is  by  far  the  cheapest,  it  should  form,  in 
reference  to  this  general  action  <^  the  above  sulphates,  in  fdl  cases,  the 
most  economical  application  to  the  land. 

6.  But  they  have  each  aUo  their  special  action  dependent  partly  upon 
their  physical  properties,  and  partly  on  their  chemical  constitution. 

Thusit  will  be  of  little  use  mixing  any  of  them  with  the  soil,  unless 
they  become  capable  of  entering  into  the  roots  of  the  plants  which  are 
giowine  upon  it.  The  facility  with  which  this  can  be  effected  depends 
upon  their  solubility  in  water,  which  is  very  unlike.  Thus  an  imperial 
gallon  of  pure  water  at  the  ordinary  temperature  will  dissolve  of 

Gypsum  (burned,)     . abou^   |  lb. 

Gypsum  (unbumed,) |  lb. 

Sulphate  of  Potash, l|  lbs. 

Sulphate  of  Soda,  <^, '.     .    l|  lbs. 

Sulphate  of  Soda,  crystaHised, 3]  lbs. 

Sulphate  of  Magnesiat 4    lbs. 

lo  rainy  weather,  therefore,  and  in  moist  climates,  it  would  still  be 
most  economical  to  apply  the  gypsum,*  since,  though  very  sparingly 
aolable,  water  would  be  sufficiently  abundant  lo  dissolve  as  niucn  as  the 
plant  might  rec|uire.  But  in  times  of  only  moderate  rain,  and  especially 
m  dry  seasons,  the  use  of  the  sulphates  pf  soda  and  magnesia,  whicn 
are  also  low  in  price,  is  recommended  by  the  comparative  ease  with 
which  they  may  be  taken  up  by  water  and  conveyed  to  the  roou. 

e.  Again,  the  chemical  constitution  of  these  sulphate&<-the  nature  of 
theaubatance  with  which  the  sulphuric  acid  is  combined— determines  in 
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a  BtHl  greater  degree  the  nature  and  extent  of  their  tjjfeeial  action.  If 
the  floil  already  abound  in  potash,  in  aoda,  in  lime,  or  in  magneaia,  then 
the  influenee  of  these  comoounds  may  depend  entirely  upon  the  sol- 
phuric  acid  they  contain.  Bat  suppose  the  land  to  be  deficient  in  linie* 
then  the  gypsum  we  add  will  act  not  only  in  virtue  of  the  sulphuric  acid« 
but  of  the  lime  also  which  it  contains,  and  thus  iu  apparent  eifect  will 
be  much  more  striking  than  when  the  tand  is  naturalW  calcareous,  or 
has  been  previously  dressed  with  lime.  So  if  it  be  deficient  in  potasht 
the  sulphate  of  potash  will  be  more  efficient  than  it  could  be  expected  to 
prove  upon  a  soil  in  which  sulphuric  acid  alone  is  wanting.  And  so 
also,  if  lime  and  potash  abound,  and  soda  or  magnesia  be  deficient,  the 
sulphates  of  these  latter  bases  wiE  exercise  a  special  action  upon  the 
soil,  by  supplying  it  at  the  same  time  with  sulphuric  acid  and  with  soda 
or  magnesia  also.  Thus  on  land  to  which  Ume  has  been  abundantly 
added,  according  to  the  ordinar]^  practice  of  husbandry,  the  sulphate  of 
soda  has  the  best  chance  of  proving  useful  to  veaetation,  not  only  because 
it  is  more  soluble,  and  is,  therefore,  more  independent  of  the  seasons, 
but  because  it  is  capable  of  supplying  two  different  sabstanoes*-«uiphurie 
acid  and  soda— neither  of  which  are  directly  added  in  the  ordinary 
manuring  of  the  land,  but  both  of  which  the  plants  may  find  difficulty 
in  obtaining. 

d.  Another  consideration  will  indicate  further  tpedal  applications  of 
these  several  sulphates,  independent  of  the  sulphuric  acid  which  they 
io  common  contain.  If  we  refer  to  the  table  (p.  220, )  in  which  is  exhibit- 
ed the  constitution  of  the  ash  of  the  several  clovers  and  grasses,  we  find 
the  constituents  of  our  sulphates  to  be  present  in  100  parts  of  the  ash  in 
the  following  proportions : — 

^^^bST   «^CIav«.    ^        HHWiie.     Ostelbis. 

Potash 8-81        19-95       31-05        13-40        20-57 

Soda 3-94  5-29         6-79  6-15  4-37 

Lime 7-34        27-80        23-48       48-31         21-95 

Magnesia    ....        0-90  3-33         3-05         3*48  2-88 

Sulphuric  Acid     .     .        3*53  4-47         3-53         4-04  3-41 

Of  the  two  clovers  the  red  contains  more  Ume  and  much  less  potash, 
therefore  the  sulphate  of  lime  is  more  likely  to  benefit  the  red  clover, 
and  the  sulphate  of  potash  the  white,  which  is  consistent  with  the  results 
of  experiment.  A  similar  difierence  exists  between  lucerne  and  sainfoin, 
to  the  former  of  which  lime  and  soda  are  more  necessary  than  the  latter. 
The  first  column  under  rye  grass  shows,  on  the  other  hand,  how  very 
much  smaller  a  prbportion  of  all  the  four-^potash,  soda,  lime,  and  mag- 
nesia—is required  by  this  green  crop  than  by  the  others;  and  therefore 
that  the  same  weight  of  any  one  of  these  sulphates,  which,  when  applied 
as  a  top  dressing  lo  one  crop  (rye  grass),  would  cause  it  to  thrive  loxnri» 
aotly,  may  be  insufficient  to  supply  the  most  necessary  wanu  of  aootber 
crop  (clover  or  sainfoin.)  Not  only  the  kind  of  mineral  manure,  ther». 
fore,  which  we  mix  with  the  soil,  but  the  quantity  also,  must  be  deter* 
mined  by  the  kind  of  crop  we  intend  to  raise.  (For  the  theoretical  opinioi^ 
of  other  authors  in  regard  to  the  action  of  gypsum,  see  Appendix,  No.  VI.) 

6o.  NitraUs  of  Pot(uh  and  Soda.^Thp  efficacy  of  these  two  subsum- 
ces  as  manures  m  certain  cirfTHirytijncea  i«  now  ganenlly  acknowMgodt 


tiM»gh  the  ditappoinunaiiu  which  have  ocaskwally  attended  their 
aaturally  cause  tae  practical  fanner  to  hesitate  stiU,  before  he  app 
them  in  any  quantity  to  his  laod.  As  these  salts,  especially  the  nitrate 
at  soda,  are  comparatively  abuodant  io  oature*— as  they  are  really  be- 
neficial in  many  cases,  and  can  be  employed  with  a  proHt,-*i*as  their  use 
io  practical  agncdlture  has  reeedtly  elcitdd  considerable  interest-^>and 
as  many  experiments  have  in  consequence  been  made  with  them  upon 
various  crops,— ^I  shall  briefly  direct  your  attention  to  the  most  impor-* 
tant  facu  which  have  yet  been  established  in  regard  to  their  i^on  upon 
the  growing  plant. 

a.  Apparent  effects  of  the  NUratee.'^The  first  visible  efiect  of  the  ni* 
tAues  upon  PJ^TJ  crop  is  to  impart  a  dark  green  colour  to  the  leaves  and 
stems.  2^.  They  then  bast^n^.  increase,  and  not  unfrequently  prolong 
the  growth  of  the  plant.  3°.  They  generally  cause  an  increase  both  in 
tbe  weight  of  hay  or  straw,  and  of  corn-Mhough  the  colour  and  growth 
are  occasionally  afiected  without  any  sensible  increase  of  the  crop.  4^. 
The  hay  or  ^rass  produced  is  always  more  greedily  eaten  by  the  cattle 
than  that  which  has  not  been  dressed,  even  when  the  quantity  is  not 
afiected  ;— but  the  grain  is  usually,  of.  inferior  quality,  bringing  a  some- 
what less  price  in  the  market,  and  yielding  a  smaller  produce  of  flour. 
Its  principal  action  seems  to  be  expended  in  promoting  the  growth-^ 
that  is,  increasing  the  production  of  woody  fibre,  either  in  the  stem  or  the 
ear,  without  so  moch  aflbcting,  except  indirectly,  the  quantity  of  se^. 

UituiratUms.'^l^.  Mr.  Pusey  observed  that  the  increase  of  bis  wheat 
crop,  on  the  Oxford  clay,  where  nitrate  of  soda  was  applied,  arose  from 
there  being  no  underling  strains  vfUh  short  ears  as  in  the  undressed,  but 
all  were  of  equal  lengtn  and  consequent  fullness  and  ripeness*  The 
nitrate  had  merely  promoted  the  growth.  (See  Royal  Agricultural  Jour- 
nal, II.,  p.  120.) 

2^.  »*It  afiected  the  tope  of  the  potatoes,  but  the  prodoce  of  bulbs  was 
less  both  by  weight  and  measure**  (Mr.  Grey,  of  Dilston).  **  On  peas, 
in  a  thio  sandy  soil,  subsoil  gravel,  it  had  much  efiect  on  the  colour  and 
strength  of  the  stems,  and  on  the  state  of  forwardness,  but  when  ripe, 
thoogn  the  straw  was  stronger,  there  was  no  diflTerence  in  the  crop  of 
peas**  (Colonel  Campbell,  of  Rozelle).  **On  land  hi  high  condition  it 
did  harm  by  forcing  the  straw  at  the  expense  of  the  ear'*  (Mr.  Barclay). 
**  It  app^^ared  (o  act  strongly,  and  there  was  a  greater  bulk  of  straw,  but 
the  iocrease  of  grain  was  only  50  lbs.  per  acre*'  (Sir  Robert  Throckmor- 
ton). In  another  experiment  of  Mr.  Barclay's  the  straw  was  very  strong, 
and  much  of  the  wheat  laid,  but  the  undressed  sold  for  4s.  a  bushel  more, 
and  there  was  no  profit. 

Id  all  these  cases  the  nitrate  promoted  chiefly  the  growth  of  the  stem, 
or  the  production  of  woody  fibre.  The  inferior  quality  of  the  grain  and 
yield  of  flour  was  owing  to  thb  action.  The  grain  was  enveloped  in  a 
thicker  covering  of  the  woody  matter  which  forms  the  skin  or  bran. 

3^.  «•  ^he  turnips  after  the  nitrated  wheat  are  decidedly  better,  the  tops 
ere  still  firromng  and  luxuriant,  while  on  the  other  part  they  are  begin- 
ing  to  (air*  (Hon.  H.  Wilson).  They  seem,  therefore,  in  some  cases,  at 
least,  to  prolong  the  growth. 

-  From  the  above  statements  we  seem  to  derive  an  explanation  why  the 
dbct»o€  the  nitrate  should  have  been  so  nniveraally  observed  upon  the 
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grasses  and  clorera — ^while  in  rbgafd  to  its  application  to  com  cropB^ 
thev  indicate  this  important — 

Practical  RoLB.-^Not  to  apply  the  nitrates  upon  land  or  under  cir- 
cumstances where  there  is  ab^aay  a  sufficient  tendency  to  produce 
straw. 

'  b.  Effects  of  the  nitrates  upon  the  auAWTiry  of  the  crop.-»-C4se8  havie 
occurred  where  the  nitrates  have  failed  to  procmc^  any  apparent  effect 
at  all — others  where  the  color  was  affected  and  the  growth  promoted 
without  any  ultimate  increase  of  crop-^nd  others  again,  where  the  ap- 
plication o f  these  salts  was  decidedly  injurious.  These  failures  are  de- 
serving of  a  close  consideration,  hut  let  us  first  attend  to  the  amount  of 
benefit  derived  from  their  use  where  it  has  been  attended  with  e 

I. — Effect  on  Common  andxClover  Hay. 


Lo€«lU7. 


Produce  per  acre. 


UndtvtMd.       DrMiMd. 


Asks  Hall,  Earl  of 
Zetland 

At  Erskine,  Lord 
Blontyre 


Baroehan, 
Fleming.. 


Mr. 


DilstoD)  Mr.  Grey. 

Famham,  Suffolk, 
Mr.  Muakeu 

Methven    Castle, 
Mr.  fiishop 


lou.    ewt. 

1 2  1-3 

J2  1 
CI  6 
^2  U 

3  10 

U    4i 


I    1 


3    4 


Qoutity  of  Nitrate  of  aoda  apnKed  prraere, 
~" ofeuil. 


I  cwt,  on  a  thin  light  soil,  subsoil 
clay  upon  limestone. 

1 20  lbs.,  eood  lif htsoil,  subsoil  rra^el. 
Do.    clay  soil  on  clay  Bubsou. 

160  lbs.,  stiff  clay,  after  wheat 
Do.    light  clay  loam,  drained,  after 
*  barley. 

1  ewt,  meadow  hay,  soil  not  stated. 

150  lbs ,  clover  hay,  soil  not  stated. 

Icwt.  nitrate  of  potash  and  If  of  ni- 
trate of  soda,  had  each  the  same  ef- 
fect on  a  heavy  damp  loam,  partially 
drained. 


On  the  other  hand,  Mr.  Barclay  says  that,  on  hia  heavy  clay  lands 
(plastic  clay),  in  Surrey,  near  the  edge  of  the  chalk,  it  is  alnnost  al- 
ways a  failure;  and  the  Messrs.  Drewitt,  of  Guildford,  that  on  their 
chalk  soils,  the  additional  produce  of  hay,  whether  on  upland  or  mea- 
dow, does  not  repay  the  expense. 

Ih— On  Barlbt. 


ftoca*|t7. 

Protluce. 

QutoUtjr  par  ten,  wid  kind  of  aia. 

Undrtmri. 

bm«d. 

Or«ln. 
MiU. 

SbAvr 
cwt. 

16* 

Gmtn. 

Siiatr 

Surry,  Mr.Barclay 
Newton  Hail,  Nor- 
thumberland, Mr. 
Jobling 

Suffolk,  Hon.  H. 
WiUon. 

554 
59 

32 

cwt. 

36 

V 

1  cwt ,  on  light  soil, with  ehalk  subsoil. 

1  cwt,  on  strong  turnip  land. 

1  cwt,  on  a  poor  sandy  soil,  where 
the  turnips  the  preceding  year  wexs 
nearly  destroyed  by  the  land  blowing. 

fetncT  09  wnrrnt  &f  ■  akd  oiTtr 


sat 


In  Berkshire,  on  the  other  hand^  it  failed  (1839),  for  barley  on  the 
light  lands,  causing  them  in  some  cases  to  be  bamed  up  (Mr.  Posey), 
but  the  season  was  droughty. 


III.— Oh  WiifTaa  Rtb. 

Mr.  Fleming,  of  Barocban,  applied  160  lbs.  per  acre  to  rye,  upon  a 
strong  clay,  aAer  potatoes,  acid  obcained**- 

UndrMMd.  DresMd. 

Grain  •        14  bushels.  26  bushds. 

Straw  .         1  ton  7i  cwt     .  3  tons,  19|  cwt 


rV.— IJpoif  Oats. 


Locality. 

?EODUCB. 

Gluantity  per  acre 
and  kind  of  soil 

Undressed. 

Dressed. 

1 

grain. 

straw. 

grain. 

straw 

Bakewell  Derbyshire, 
Jffr.  %xr€QiO€S   .    •    • 

Court  Farms,  Hayes, 

Mr.Ncwnum.    .    .    . 

Leatherhead,  Surrey, 

Mr,  Barclay  .... 

bush. 
481 

46 

40 

cwt 
251 

31 

61 

bush. 
64 

601 

60 

bush. 
381 

46i 

90 

1  cwt ;  heavy  soil, 
clay  subsoil. 

i  cwt  ;  land  satu- 
rated with  water, 
and  out  of  condi- 
tion. 

1  cwt;  aloam  con- 
taining flints,  on  a 
subsoil  of  chalk. 

Mr.  Everett,  in  Norfolk,  obtained  an  increase  of  15  bushels  per  acre, 
by  the  use  of  |  cwt.  per  acre ;  and  Mr.  Calvert,  of  Ockley  Court,  of  20 
bushels  of  ffrain,  and  9i  cwt.  of  straw,  by  applying  1^  cwt.  of  nitrate 
of  soda.  At  Kirkleatham  (North  Yorkshire),  it  had  an  excellent  effect 
upon  oats,  on  strong  land — and  on  the  strong  clays  of  the  Wealdof  Sur- 
rey and  Sussex,  it  is  said  by  Mr.  Dewdney,  of  Dorking,  lobe  universally 
beneficial,  particularly  when  sown  on  ley  ground — paying  the  grower 
27s.  to  30s.  per  acre.  ^'  When  it  has  failed,  the  nitrate  has  been  sown 
early,  and  when  the  land  was  in  a  dry  state.  In  these  instances  the 
crop  was  more  or  less  blighted.*'  On  the  other  hand,  Mr.  Barclay 
states  that,  on  his  strong  heavy  land  (plastic  clay),  near  the  edge  of  the 
cbalk,  in  Surrey,  it  gave  no  profit. 

In  most  cases,  therefore,  the  nitrate  of  soda  seems  capable  of  pro- 
ducing a  large  increase  in  the  oat  crop— the  few  failures  which  are  noted 
must  be  due  either  to  the  state  of  the  weather  or  to  some  peculiarities  in 
the  physical  condition  or  cbeoEiical  ooostitutipn  of  the  soils  on  which  they 
were  observed. 


M8 


VtfWCTt  Of  fas  triTSATEt  OR  wasAT« 


V^— On  WBEAf  • 


LocdJCy. 


UadreiMd.     DreMed. 


:! — I z — 


ndsvoi. 


<tiiaiidt7  p«r  aen,  and  kind  of  loiL 


Ftnibam,  Suffolk,  I 
Mr.  MuskeU,    .    S 

PainawLck,  Glou-  I 
ceBter.Mr.HyeU,    \ 

Faiifqrd  Park,  do.  S 
Mr.Raym. Barker  \ 
Mr.Dugdale,  .    . 


Do. 


Afr.  Newman^  .  { 
Brandon,  SufToIk,  4 

Hon.  Mr.  Wilson,  i 
Surrey,  Mr.  Bar-  I 

tlay^  ,  ,  ,  I  ,  i 
Faringdon,    Mr.    t 

Pusey,  ...    .J 

Ocklcy  Court,  Mr. 

Calv^t,  .  .  .  i 
n ewton  Hall,  Mr. : 

Joblingf      .    , 
Cirencesier,  Or. 

DavJbeny^   .    . 


Rozelle,  noar  Ayr,  ( 


18* 
33* 

26 

42 

32 
141 

27i 

33} 

31 

27 

2lf 

20* 

33 


Col.  CampbeU, 


35 


184 


20 

24i 

24* 

2()* 

20i 

251 


30    29i 
27|   16 


3U 


27 
431 

33i 

54 

36| 
20 

32 

36 
39i 
33| 
3di 

24J 
451 


311 

27j 

47 
42 


U  cwt ;  a  poor  spongy  mindy  soil* 
1  cwt ;  a  si&ne-drash,  soil  abounding 
in  carbonat^of  lime. 
21 }  1  twt ;  on  a  light  stone-brash  poor 

thin  soil. 

38|  1  cwt  nitr.  of  soda,  on  eigravdhf  soil ; 
an  equal  weight  nitraUt  of  potash  pro- 
duced only  \  bushel  of  increaae  (1). 
1  cwt  nit  of  soda  on  a  strong  clay. 
Both  portions  previously  limed. 
251 1  cwt;  on  a  very  thin  ero)>^  inj'd  by  an 
unfavorable  autumn.  Soil  not  stated* 
I  cwt ;  on  a  fair  light  soiL 
Do.,  loamy,  better  land. 
23   1  cwt ;  soil  loamy,  resting  on  chalk, 
27)  straw  atrong,ana  much  wheat  laid.* 
34*  Do.  on  heavy  soil,  resting  on  the  Ot' 
ford  clay.  But  all  these  very  different 
24*  results  were  oUainedin  the  same JieUL 
Q^i  Do.;  corn  generally  laid;  soil  not 
'*   mentioned. 

36*  I  cwt ;  soil  not  mentioned. 

20*  1  cwt  nitrate  of  potash. 

15*  Do.  nitrate  of  soda,  soil  and  subsoil 

clay,  resting  on  the  corn-brash. 
52   180  lbs.  nitrate  of  soda. 
76   Do.  nit  of  potash.  Soil  not  stated.t 


^  At  Rozelle  the  Swedes  were  improved  several  tons  an  acre  by  the 
use  of  the  nitrate  of  soda  (Mr.  Campbell).  At  Dorking  it  was  very  be- 
neficial as  a  top-dressing  (o  the  Swedes  and  white  turnips,  when  sown 
broad-cast  at  the  rate  of  1*  cwt.  per  acre  (Mr.  Dewdney).  In  neither 
of  these  cases  is  the  soil  described.  On  thin  stony  land  upon  chalk  at 
Klmshurst,  Bucks,  tufnips  manured  with  nitrate  alone,  were  very  su- 
perior to  those  to  which  10  loads  an  acre  of  farm-yard  manure  had  been 
applied  (Mr.  Burgess).  The  only  numerical  resuhs  with  which  1  am 
acquainted  are  those  of  Mr.  Barclay  on  a  loamy  soil  resting  on  chalk. 
His  crop  of  turnips  was 

*  Tne  dretted  f  rain  sold  a!  4*.  leu  thni'the  trtidrvtsed,  ind  there  wu  no  profit ;  the  altrete 
lUIed  on  heavy  land,  and  on  land  in  high  condition.  ^ 

t  The  produce  of  straw,  esnocially  from  laltpetro,  la  very  aarpriainf .  It  la  slated  at  518 
and  764  aionaa  for  the  two  lota  raapeetlT^.    I  anppoee  the  aeraa  to  be  Seoich,  and  the 
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30i  cwt.  when  dressed  with  booes  and  wood  ash^  each  15  bushels. 
31  cwt.  when  dressed  with  1  cwt.  of  nitrate  of  soda,  drilled  in. 
35  cwt.  when  seed  and  nitrate  were  both  broad-cast. 
38  cwt.  when  the  seed  was  drilled  and  the  nitrate  broad-cast. . 

On  the  other  hand,  Lord  Zetland  thought  it  did  no  good  to  turnips ; 
Mr.  Vansittart,  that  on  strong  land  well  dunged  it  did  harm ;  and  the 
Messrs.  Drewitt,  that  on  their  dry  rubbly  chtSk  it  had  no  efiect  on  tliis 
crop,  though  it  improved  in  a  remarkable  degree  the  succeeding  crop 
of  barley. 

We  are  obviously  in  want  of  more  numerous  and  better  observations, 
especially  in  regard  to  turnips.  The  above  discordancies  will  either 
vanish  when  we  obtain  a  2  larger  collection  of  results,  or  they  will  find  an 
explanation  in  the  more  accurate  observations  we  may  expect  to  obtain 
in  regard  to  the  climate,  soil,  and  geological  position  of  the  locality  in 
which  each  experiment  is  made.  Those  practical  men  who  are  really 
desirous  of  aiding  the  progress  of  scientific  agriculture,— by  which  pro- 
gress not  only  the  national  welfare,  but  their  own  individual  interests 
also  are  likely  to  be  promoted,— will  do  more  towards  this  end  by  one 
single  experiment  in  which  weights  and  measures  are  carefully  deter- 
mined, and  the  soil,  the  climate,  the  geological  position  and  the  lie  of 
the  land,  accurately  described,  than  by  any  number  of  mere  general 
statements,  such  as  those  I  have  here  laid  before  you  in  regard  to  the 
efiect  of  the  nitrates  upon  the  turnip  crop.  ! 

c.  Eject  of  the  nitrates  on  the  quALiTT  of  the  crop. — ^This  I  have  | 

already  in  some  measure  alluded  to.  It  so  afiects  the  grass  and  clover 
as  to  iTiake  it  more  relished  by  the  cattle.     This  is  usually  expressed  I 

by  saying  that  the  crop  is  stoeeter,  but  since  cattle  are  known  to  be  fond    ^  ! 

of  saline  substances,  it  may  be  that  the  grasses  are,  by  these  salts,  only  ! 

rendered  more  savoury.     It  generally  also  gives  a  grain  (of  wheat)  | 

of  an  inferior  quality— which  has  a  thicker  skin,  and  yields  more  brsn. 
This  may  possibly  arise  from  its  having  been  generally  allowed  to  ripen  ' 

too  long.  [See  Mr.  John  Hannam*s  valuable  experiments  on  the 
orrr- ripening  of  com  in  the  Quarterly  Journal  of  Agriculture.]  A 
question  still  undetermined  is,  whether  the  flour  of  nitrated  com  is  more 
nutritive  than  that  obtained  from  corn  which  has  been  undressed. 

It  is  generally  supposed  that  those  samples  of  flour  which  contain  the 
meet  gluten  are  also  the  most  nutritive.  But  hitherto  the  only  experi- 
ments which  have  been  made  with  the  viewof  determining  the  relative 
f|u«ntities  of  gluten  in  samples  of  grain  from  the  same  field,  one  ]>or- 
tinn  of  which  had  been  nitrated,  and  the  other  not,  are,  one  made  by 
3Ir.  Daubeny,  and  one  reported  by  Mr.  Hyett,  to  the  latter  of  which  1 
have  already  had  occasion,  for  another  purpose,  to  direct  your  attention. 
[See  note,  p.  167.] 

In  these  experiments  the  flour  of  the  several  wheats  gav»— 

In  Dr.  DaQbeny'i  *  In  Mr.  HjcWs 

ExperlmenL  Bxperimeni. 

Nitrated 15  per  cent,  of  gluten    23j  per  cent. 

CJnnittated 13  per  cent,  of  gluten     19    per  cent. 

Excess  of  gluten  in  the  nitrated,    2  per  cent.  4^  per  cent. 

15 
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both  of  wliieh  results  fayoar  the  supposition  that  one  effect  of  the  ni- 
trares  upon  the  quality  of  the  grain  is  lo  increase  the^ proportion  of  gluten* 
and  thus  to  render  them,  as  is  generally  believed,  more  nutritive.  This 
is  a  re juU^which  theoretically  we  might  be  led  to  anticipate,  were  there 
no  large  increase  in  the  quantity  of  the  produc&-^or  then  we  might 
naturally  expect  the  nitrogen  of  tne  nitric  acid  to  be  expended  solely  in 
enriching  the  grain  with  gluten.  But  the  increase  of  cmp  contains  in 
many  cases  mote  nitrogen  than  we  add  to  the  soil  when  we  dress  it  with 
one  cwt.  of  nitrate  of  soda  per  acre;  there  is,  therefore,  no  excess  of  ni* 
trogen  which  we  can  suppose  to  go  to  such  an  enriching  of  the  more 
abundant  crop  of  grain.  For  this  reason,  among  others,  I  am  inclined 
to  doubt  whether  further  careful  examination  will  prove  the  flour  from 
nitrated  grain  to  be  always  richer  in  gluten,  and,  therefore,  more  nutri-* 
tious.     At  all  events  increased  experiments  are  to  be  wished  for. 

d-  After-eiffectB  of  these  nitrates. — It  is  comparatively  seldom  that 
any  good  effects  have  been  observed  upon  the  crop  which  succeeds  that 
Id  which  the  nitrate  of  soda  has  been  applied.  Where  they  have  been 
noticed  it  has  been  chiefly  in  cases  where  from  some  cause  (drought  or 
dryness  of  soil  chiefly)  the  salt  has  been  prevented  from  exerting  its^foii 
and  legitimate  action  upon  its  first  application.     Thus, 

1®.  Failing  to  improve  turnips  on  a  rubbly  chalk  soil,  it  greatly  be- 
nefitted the  succeeding  crop  of  barley  (Mr.  Drewitt,  Guildford,  Surrey). 

Producing  little  effect  on  tares  (upon  a  clay  soil  ?)  it  improved  very 
much  the  turnip  crop  which  followed  (]VIr.Barclay«Leatherhead,  Surrey.) 

2°.  In  the  following  instances  the  benefit  was  seen  on  successive 
crops:*— 

After  producing  an  increase  of  one-sixth  in  the  wheat  crop,  both 
eraio  and  straw,  on  a  light  sandy  soil  (subsoil?),  the  turnips  of  the  fol- 
lowing year  were  decidedly  better  where  the  nitrate  had  been  sown  (Hon. 
H.  Wilson,  Brandon,  Suffolk.) 

After  improving  the  crop  of  wheat,  the  affer-crop  of  hay  was  also 
better  (Mr.  Grey,  of  Dilston.) 

At  Upleatham,  the  second  cut  of  clover  was  nearly  as  much  im- 
proved as  the  first  (Mr.  Vansittart),  and  at  DiUtnn  the  aftermath  hay 
was  greater  in  quantity,  and  better  relished  by  the  cattle  (Mr.  Grey). 

3^.  A  curious  effect  is  noted  by  Mr.  Rod  well,  of  Aldeiton,  Wood- 
biidge— ^  white  dover  failed  after  barley  on  tohich  nitr€Ue  had  been 


The  solubility  of  these  nitrates  is  so  great,  that  in  our  climate,  in  i 
sons  of  ordinary  rain,  and  on  lands  having  a  moderate  degree  ofindi" 
nation^  we  should  expect  that  they  would  be  in  a  great  measure  washed 
out  of  the  land  in  a  single  year.  Hence  one  reason-«even  supposing 
littfe  of  the  salt  to  have  entered  into  the  roots  of  the  growing  crop—- why 
we  are  not  entitled  generally  to  expect  any  marked  effect  from  it  upon 
a  second  crop.  But  let  the  season  be  so  dry,  or  the  soil  so  retentivct 
and  the  land  so  level,  as  to  prevent  its  being  all  taken  up  by  the  roots, 
or  washed  away  by  the  rains  during  one  year,  and  we  may  then  look 
for  after-effects,  such  as  those  above  described. 

c.  Circumstttnecs  necessary  to  ensure  the  success  of  these  saline  fiwr- 
nttrM.— This  explanatbn  will  appear  more  satisfactory  if  we  glance  "for 
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a  moment  at  tlic  general  conditknif  wfalch  «ie  tweessazy  to  tmure  the 
success  of  these  or  any  other  saKne  manime. 

1^.  They  must  contain  one  or  more  tuftsiattcee  which  are  necessary 
Co  the  grcnnh  of  the  plant. 

2^.  The  soil  must  be  mofe  or  leas  defident  in  these  sohstances. 

3^.  The  weather  must  prove  so  moist  or  the  soil  be  so  springy  as  to 
admit  of  dieir  being  dtssolTed,  and  conTsyed  to  the  roots. 

4^.  They  mnst  not  be  applied  in  too  large  a  quantity,  or  allowed  to 

come  in  contact  with  the  young  shoots  in  too  concentrated  a  form-— the 

«  water  that  reaches  the  roots  or  young  leaves  must  never  be  too  strongly 

impregnated  with  the  salt,  or  if  the  weather  be  dry,  tiie  plant  will  be 

blighted  or  bamed  up, 

5^.  The  soil  most  be  safflcieDtly  light  to  permit  the  salt  eanly  to 
peiietrate  to  the  roots,  and  yet  not  so  opchn  as  to  allow  it  to  be  readily 
washed  away  by  the  rains.  In  reference  to  this  point  tbe  nature  of  the 
subsoil  is  of  much  importance.  A  retentive  subsoil  will  prevent  the 
total  escape  of  that  which  readily  passes  tbroocfa  a  sandy  or  gravelly 
soU,  while  an  open  subsoil  again  will  retain  noudng  that  has  once  made 
its  way  through  the  surface. 

/.  Vases  in  vfhieh  the  nitrates  have  faUed,^-k  knowledge  of  the 
above  conditions  will  enable  us  in  many  cases  to  explain  why  the  ni- 
trates, and  other  generally  useful  substances,  have  faUed  to  ezlbibit  any 
beneficial  effect. 

l^'.  Thus  on  the  light  soils  of  Berkshire  the  nitrate  of  soda  failed  for 
barley,  causing  it  oflen  to  be  blighted  or  burned  up.  This,  no  doubt, 
ar'.Yse  from  the  dronght  which  may  act  in  one  or  other  of  several  ways. 
Ehher  it  may  prevent  the  salt  from  being  dissolved  at  all,  and  thus  lun- 
der  its  action  alto<;etber  fir  the  ^tme,— or  it  may  retard  the  solutbn  till 
the  plant  has  attained  such  a  state  of  maturiry,  that  it  is  no  longer  ca- 
pable of  being  equally  benefitted  by  the  intfoduction  of  the  salt  into  its 
roots— or  after  being  dissolved,  and  having  partially  descended  into  the 
•oil,  the  drought  may  cause  it  to  ascend  again  with  the  water  which 
rises  to  the  surface  in  consequence  of  the  evaporation,  and  may  thus 
present  it  to  (he  plant  in  so  cotacentrated  a  form  as  to  injure  the  youns; 
ahoots-^r,  finally,  the  action  of  the  sun  upon  the  gneen  leaf,  in^  which 
a  ponton  of  the  salt  has  already  been  conveyed  by  the  roots,  may  be  so 
^-powerful  as  to  concentrate  the  saline  solutton,  or  to  increase  its  decom- 
position to  such  an  extent  as  to  cause  injury,  and  consequent  blight  to 
the  leaf  irself. 

29.  Again,  at  Cheadale,  in  Cheshire,  (Mr.  Austin),  the  nitrate  of  soda 
is  said  to  have  had  a'good  efTect  on  wheat  and  grass  where  the  subsoil 
was  day,  but  none  whem  tbe  subsoil  was  gravel,  or  the  soil  light  and 
sandy.  Here  the  supply  of  water  in  the  soil  may  have  been  such  as  to 
fit  it  for  entering  readily  into  the  roots  in  a  pioper  state  of  dilution,  when 
the  retentive  subsoil  kept  it  within  reach  of  the  roots,— and  yet  sufficient, 
at  the  same  time,  to  wash  it  away  altogether  where  the  soil  and  sub- 
•oil  were  too  open  to  be  able  to  retard  its  passage. 

99 »  But  the  oc<^sional  occurrence  of  dronghts  or  the  mere  physical 
distinctions  of  lands  as  light  or  heavy,  are  not  sufficient  to  account  for  all 
Che  recorded  differences  in  the  efiect  of  the  nitrates.    Thus  on  the  cl^^ 
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of  the  Weald  in  Siusex  (Mr.  Dewdney),  and  oo  the  Oxford  clay  io 
Berkshire  (Mr.  Pusey),  the  nee  of  the  nitrate  has  been  attended  with 
general  benefit  upon  oats  and  wheal,  while  on  the  plastic  clay  in  Sur- 
rey (Mr.  Barclay),  it  has  been  uniformly  unsuccessful.  The  cause  of 
these  difierences  is  to  be  aongbt  for«  mosi. probably,  in  the  chemical  coo- 
siitution  of  the  several  clays,  which  are  known  to  be  very  unlike.  The 
"Weald  clay  is  a  fresh-water  jfbrmation*  contains  much  fine  grained 
siliceous  matter  (page  244),  and  is,  therefore,  comparatively  per- 
Tious  to  water.  The  Oxford  clay  aoils  in  Berkshire  abound  in  limet 
and  must,  therefore,  be  in  some  degree  pervious,  while  the  plastic  clay 
of  Surrey,  where  they  are  stiSeat,  contain  little  lime  and  partake  more 
of  the  impervious  character  of  pipe  clays.  Ii  may  possibly  be  in  such 
difierences  as  these  that  we  are  to  find  an  explanation  of  the  discordant 
results  of  different  experimenters,  but  much  further  observation  is  still 
wanting  before  we  can  speak  with  any  degree  of  confidence  upon  the 
subiecL  ' 

To  some  an  explanation  may  appear  to  be  most  easily  given  by  sup- 
posing the  one  soil  to  have  been  rich  in  soda,  while  the  other  was  de- 
fective in  this  substance.  I  shall  advert  to  this  point  in  explaining  the 
theory  of  the  action  of  the  nitrates  of  potash  and  soda. 
.  ^.  CircwMtances  in  iMch  ike  employment  of  the  nitrates  is  most  bene" 
ficial.'^l^.  It  appears  to  succeed  most  invariably  in  lands  which  are 
poor— or  out  of  condition— or  on  which  the  corn  is  thin.  Every  farmer 
knows  that  the  most  critical  time  with  his  crop,  as  with  his  cattle,  is 
during  the  earliest  stage  of  its  giowtli.  If  it  come  awa3r  auickly  and 
strong  during  the  first  few  weeks,  his  hopes  are  justly  higo,  but  if  it 
droop  and  linger  afler  it  is  above  the  ground,  his  fears  are  as  justly  ex- 
cited. It  is  in  this  latter  condition  of  things  that  an  addition  of  nitrate 
comes  to  the  aid  of  the  feeble  plant,  re-animating  the  pining  shoots,  and 
making  the  thin  com  tiller.  On  rich  lands  and  thickly  growing  props  it 
only  causes  an  over-growth  of  already  abundant  straw*  According  ta 
the  experiments  of  Mr.  Barclay,  it  is  most  advantageous  when  sown 
Droad-cast.* 

2^.  Whatever  may  be  the  chemical  nature  of  the  surface  soiU  the 
success  of  the  nitrate  seems  to  be  most  sure  where  the  land  is  not  wholly 
destitute  of  water,  where  the  soil  is  open  enough  to  allow  it  readiW  to 
descend,  and  yet  the  subsoil  anfikiently  retentive  to  prevent  it  from 
being  readily  waslied  away. 

3°.  I  throw  it  out  as  a  suggestion  which  has  occurred  to  me  from  a 
comparison  of  the  results  contained  in  the  above  tables,  with  the  kind 
of  soils  on  which  the  experiments  were  made-^hat  probably  the  pre- 
sence of  lime  in  the  soil  may  tend  to  insure  the  success  of  the  nitrate* 
In  many  of  the  instances  of  large  ciopa  obtained  by  its  aid  the  land  waa 
either  baturally  rich  in  lime,  or  it  had,  in  the  orainary  course  of  hua- 
bandry,  been  previously  marled  or  limed. 

h.  Theory  of  the  action  of  the  «tlrafe«.— The  nitric  acid  of  these  salta 

*  A  Talttttale  pr^rem  itoo  Is,  to  pioesed  tsmioiMij  In  the  «m  pf  these  expeneiTe  wab- 
■»«ncae— makinf  Amall  trlds  ei  flnt,  and  liicrea«iiif  ttie  quaniitiefl  employed  u  succeee 
maj  wftjrent.  By  tiiU  Biode  of  proeodare,  luf  e  Toeeeo,  of  which  I  have  heerd,  wo«iM 
hMO  been  svelded. 
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contains  26  per  cent,  of  its  weight  of  aitfogen— or  ooe  cwL  of  pave  dry 
Bitrate  of  soda  oootaios  about  19  Ibe.  of  nitiogen.  This  nitrogen  we 
-know  lo  be  a  necessary  constituent  of  plants— ooe  which  they  obtain 
almost  wholly  from  the  soil*-but  which  ncTertheless  is  generally  pre- 
sent in  the  soil  in  small  quantity  only.  We  have  already  seen  reason 
(Lee.  VIIL,  p*  159,)  to  believe  that  nitric  acid  exists  naturally  in  the 
soil,  and  is  the  form  in  which  a  large  portion  of  tlieir  nitrogen  is  con- 
veyed into  the  roots  of  plants  ;'-*when  we  add  it  to  our  fields,  thereforct 
we  only  aid  nature  in  supplying  a  oompoond  b^^  which  vegetables  are 
usually  sustained.  And  as  the  young  plant  will  necessarily  languish 
in  the  absence  of  one  essential  kmd  of  food,  although  every  other  kind 
it  may  require  be  present  in  abundance,  it  is  easy  to  see  how  the 
growth  of  a  crop— languidly  proeeeding  apon  a  soil  deficient  in  nitrogen 
-^may  be  suddenly  re-animated  by  an  application  of  nitrate  of  soda  to 
its  roots.  That  tins  ia  the  true  way  in  which  the  nitrates  generally  act 
is  supported  by  the  obsei  vation  that  it  is  in  the  poorest  soils  that  they 
are  most  useful  to  the  husbandman. 

We  have  already  seen,  also,  that  one  function  of  the  leaf  in  the  pre- 
sence of  ihe  sun  is  to  decompose  carbonic  acid,  and  give  oflf  its  oxygen 
(Lee.  v.,  sec.  5.)  It  exerts  a  similar  action  upon  the  nitric  acid  of  the 
nitrates,  and  upon  the  sulphuric  acid  of  the  sulphates,  discharging  their 
oxygen  into  the  air,  uul  thus  leaving  the  nitrogen  and  sulphur  at  liberty 
to  unite  with  the  other  elementary  sobstances  contained  in  the  sap— for 
the  production  of  the  several  compounds  of  which  the  parts  of  the 
growing  plant  consist. 

Nor,  as  shown  in  a  pTbvions  lecture,  (VIIL*  sec.  8,)  is  the  good  effect 
of  these  nitrates  upon  the  cron  limited  to  the  supply  of  that  quantity  of 
nitrogen  only  which  they  themselves  contain.  The  excess  of  crop 
raised  by  their  aid  often  contains  very  much  more  nitrogen  than  they 
have  been  the  means  of  conveying  to  the  roots,  even  supposing  it  all 
lo  have  been  absorbed  and  appropriated  by  the  plant.  This  arises  from 
the  circumstance  that  the  more  the  plant  is  made  to  thrive,  the  more 
numerous  and  extended  become  its  roots  also,  and  these  roots  are  thus 
enabled  to  gather  from  the  deeper  and  more  distant  soil  those  supplies 
of  nitrogenous  and  other  necessary  food,  which  would  have  remained 
beyond  their  reach  bad  the  plant  been  allowed  to  remain  in  its  pre- 
viously feeble  or  more  languid  condition.  This  has  been  called  the 
stimulating  efiect  of  manures,  and  some  substances  have  been  said  to 
act  only  in  this  way  upon  vegetation.  This,  however,  appears  to  me  to 
be  a  mistake.  Tne  supposed  stimulating  is  always  a  Bteondary  eflSsct, 
and  necessarily  follows  frpm  the  use  d every  kind  of  manure,  which  by 
feeding  the  plant  gives  it  greater  strength,  and  thus  enables  it  to  appro- 
priate other  supplies  of  food  which  were  previously  beyond  its  reach,  or 
which  from  the  absence  of  one  necessary  constituent  it  could  not  render 
available  to  its  naturaLgrowth. 

In  this  way  the  mtraUs  act  as  such'— in  cootra-distinction  to  the  sul- 

E hates  and  other  salts  of  potash  and  soda.  But  there  is  every  reason  to 
elieve  that  the  potash  and  soda  themselves  often  aid  the  effect  of  the 
nitric  acid  with  which  they  are  associated.  In  soils  deficient  in  these 
alkalies  the  nitrates  would  act  beneficially,  even  though  nitric  acid 
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were  already  present  in  abiiodaBCe,«>-w1iile,  on  the  other  band,  a  ffeM 
that  is  defective  in  bodi  oonstitiieDts  of  the  ealt  (nitrie  acid  and  potash 
or  aoda),  will  bemoie  cratefiil  for  tWe  same  addition  of  it  than  one  in 
which  either  of  them  alreachf  abounds*  In  this  way,  it  is  not  unlikely 
that  the  discordant  results  oTexperimeiitSt  ^vea  on  the  same  farm,  aod 
especially  when  the  soils  are  diflersnt,  may  oecaskwally  be  explained. 

i.  Speciai.  effecU  €f  the  mtraies  ofpatatk  and  Boda. — On  this  alka- 
line constituent  of  the  two  nitrates  will  depend  the  aptcud  action  of  each 
when  applied  id  the  same  soil  nodor  the  same  circumstances,  it  has 
not  yet  been  clearly  msde  oaf  that  any  definite  special  action  can  be 
ascribed  to  them,  yet  some  experiments  bearing  upon  this  point  haye 
already  been  published,  to  which  it  will  be  proper  to  advert.  Prom 
the  study  of  the  special  actioQ  of  given  manures  upon  given  cropa* 
practical  agriculture  has  much  good  to  expeet. 

1^.  At  Rozelle,  near  Ayr  (1840),  nitrate  of  potasli  caused  oats  to 
come  away  darker  and  stronger,  and  cive  a  heavy  crop,  while  in  the 
same  field  nitrate  of  soda  produced  no  nenefit.  The  soil  was  inferioTt 
light,  and  sandy,  with  a  red  irony  subsoil  (Capt  Hamilton).  It  is  add- 
ed that  the  crop  was  injured  1^  the  early  dnnight,  from  which  it  never 
recovered.  This  iact  readers  Hie  speoial  efleet  of  the  nitrate  of  potash 
in  this  case  doubtful. 

2**.  In  the  experiments  open  wbeaT,  made  by  the  same  gentleman  . 
on  the  same  farm,-^t  is  to  be  presumed  upon  a  similar  soil,— 
Nitrate  of  soda  gave    •     .  46  bush,  grain,  and  52  cwt.  straw ; 
Nitrate  of  potash  gave .    •  42  bush,  grain,  and  76  cwt.  straw ; 
the  produce  of  straw  being  here  also  greatly  in  fhvoar  of  the  potash  salt. 

3^.  Dr.  Daubeny  aln,  io  the  experiment  upon  wheat  above  detailed* 
found  the  nitrate  of  potash  to  increase  the  produce  considerably,  while 
tiie  nitrate  of  soda  caosed  no  increase  whatever.  The  soil  was  stifiT  day 
upon  the  corn-brash. 

These  superior  efTects  ofthe  potash  salt  may  certainly  be  ascribed  to 
the  greater  deficiency  ofthe  several  soils  in  potash  than  in  soda,  a  sup- 
position which  in  the  ease  of  the  Roselle  experiment  is  consistent  with 
the  fact,  that  common  salt,  when  tried  upon  the  same  land,  produced 
no  good  eflfect.  If  however,  as  sooEie  suppose,  (p.  328),  potash  and  soda 
are  capable  of  re-placing  each  other  in  the  living  vegetable  without  ma- 
terially affecting  its  growth,  this  explanation  cannot  be  the  true  one. 
Further  experiments,  however,  if  eareftilly  conducted,  will  not  fail  to 
elear  up  this  question. 

4^.  On  a  gravelly  soil  Mr.  Dugdele  obtained  an  increase  of  12  bush* 
els  of  wheat  by  the  use  of  nitrate  of  so^  while  nitrate  of  potash  in* 
creased  the  crop  by  only  half  a  bushel. 

This  result  may  be  explained  afler  the  some  manner  as  the  preceding 
•—the  soil  may  have  already  abounded  in  potash. 

5^.  In  Perthshire,  upon  a  moist  loam,  Mr.  Bishop  obtained  an  equal 
increase  of  hay  from  the  use  of  both  nitrates ;  each  having  caused  the 
production  of  a  double  crop. 

The  equality  in  this  case  may  have  risen  from  the  eff^ts  being 
wholly  due  to  the  nitric  acid,  both  potash  and  soda  beinff  already  abuo- 
dam  in  the  soil.    This  is  oonaistent  with  the  situation  of  the  bcality  in 
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a  granite  country,  and  is  further  supported  by  the  fact,  that  on  the  same 
soil  aod  field,  ammoniacal  liquor,  which  contains  no  alkali,  produced  a 
sliil  larger  increase  of  produce. 

You  will  understand,  however,  that  all  these  attempted  explanations 
proceed  upon  the  supposition  that  the  experiments  have  been  both 
carefully  made  and  faithfully  recorded. 

7^.  Chloride  of  Sodium  or  Common  Salt. — The  use  of  common  salt 
as  a  manure  has  been  long  recommended.  In  some  districts  it  has  been 
highly  esteemed,  and  is  stilf  extensively  and  profitably  applied  to  the 
land.  It  has,  like  many  other  substances,  however,  suffered  in  gene- 
ral estimation  from  the  unqualified  terms  in  which  its  merits  have  been 
occasionally  extolled.  About  a  century  ago  (1748^,  Brownrigg*  main- 
tained that  the  whole  kingdom  might  be  enriched  by  the  application  of 
common  salt  to  the  soil,  and  since  his  time  its  use  has  been  at  intervals 
recommended  in  terms  of  almost  equal  praise.  But  these  war^m  re- 
commendations have  led  sanguine  men  to  make  large  trials,  which 
have  occasionally  ended  in  disappointment,  and  hence  the  use  of  salt 
has  repeatedly  fallen  into  undeserved  neglect. 

It  is  certain  that  common  salt  has  in  very  many  cases  been  advanta- 
geous to  the  growing  crop.  Some  of  the  'more  carefully  observed  re- 
sults which  have  hitherto  been  published,  are  containea  in  the  follow- 
in  7  rable : 


LoeaUty. 

Produce  per  acre. 

Quantity  applied  per  acre,  and  kind  of  aull. 

UnaaUed. 

Salted. 

VPOM  WHBAT. 

tmahels. 

bastiels. 

' 

16* 

22i 

11  bushels,  after  barley. 

^ 

11* 

21 

6}    do.,     af^er  beans. 

16 

17« 

Do.  sown  with  the  seed,    }  after 
Do.  dug  in  with  the  seed, '  peas. 

3fr.  G.  Sinclair, ..." 

— 

23i 

12 

28J 

5i  do.     appied  before  sowing,  after 
1 1  do.         turnips. 

— 

28J 

Great  Totham,  Essex, 
Mr.  Cvih,J6knson. 

131 

26i 

5  bushels,  light  gravelly  soil 

Barochan,  Paisley, 
Mr.  Flemvng 

25 

32 

160  lbs.,  heavy  loam,  after  potatoes. 

ON   BARt^BT. 

Suffolk,  Mr.  Ransom... 

30 

51 

16  bushels. 

ON  HAT. 

ton«.cwt 

tons.  cwt. 

At  Aske  Hall,  near 
Richmond 

2    10 

3    12 

6  bushels,  thin  light  soil,  clay  subsoil. 

At  Erskine,  near  Ren- 

3     0 

2    12 

5  bushels,  li^ht  soil  on  gravel. 

frew } 

2      1 

2      8 

Do.,  clay  soil  on  clay. 

But  it  is  as  certain  that  in  many  cases,  when  applied  to  the  land, 
common  salt  has  failed  to  produce  any  sensible  improvement  of  the 
growing  crop.  And  as  failures  are  long  remembered,  and  more  gene- 
rally made  known  than  successful  experiments,  the  fact  of  their  fre- 
quent occurrence  has  prevented  the  use  of  salt  in  many  cases  where  it 
might  have  been  the  means  of  much  good. 

*  On  the  art  of  making  common  talt^  p.  168  (Loodoo,  I7<IS>. 
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Cause  of  thefefailure^'^Ii  is  not,  indeed,  to  be  wondered  at,  that 
amid  conflictio^  statements  as  to  its  value,  the  practical  farmer  should 
,  have  hesitated  to  incur  the  trouble  and  expense  of  applyin^^  it — so  loog 
as  no  principle  was  made  known  to  bim  by  which  its  application  to  this 
soil  rather  than  to  that,  and  in  this  rather  than  the  other  locality,  was  to 
be  Regulated. 

1^.  We  know  that  plants  require  for  their  sustenance  and  growth  a 
certain  supply  of  each  of  the  constituents  of  common  salt,  which  supplVf 
in  general,  they  must  obtain  from  the  soil.  If  the  soil  in  any  field 
contain  naturally  a  sufficient  quantity  of  common  salt— or  of  chlorioa 
and  soda,  in  any  other  state  of  combmation — it  will  be  unnecessary  Co 
add  this  substance,  or,  if  added,  it  will  produce  no  beneficial  efiiect.  If, 
on  the  other  hand,  the  soil  contain  little,'  and  has  no  natnral  source  of 
supply,  the  addition  of  salt  may  cause  a  considerable  increase  in  the  crop» 

Now  there  are  certain  localities  in  which  we  can  say  beforehand  that 
common  salt  is  likely  to  be  abundant  in  the  soil.  Such  are  the  lands 
thai  lie  along  the  sea  coast,  or  which  are  exposed  to  the  action  of  pre- 
v'liling  sea  winds.  Over  such  districts  the  spray  of  the  sea  is  constantly 
borne  by- the  winds  and  strewed  upon  the  land,  or  is  lifted  high  in  the 
air,  from  which  it  descends  afterwards  in  the  rains.*  This  considera- 
tion, therefore,  aflbrds  us  the  important  practical  rule  in  regard  to  the 
»o plication  of  common  salt — that  it  is  most  likely  to  be  beneficial  in 
spots  which  are  remote  from  the  sea  or  are  sheltered  from  the  prevailing 
sea  winds. 

It  Is  an  interesting  confirmation  of  this  practical  rule,  that  nearly  nil 
tlic  successful  experiments  above  detailed  were  made  in  localities  more 
or  less  remote  from  the  sea,  while  most  of  the  failures  on  record  were 
experienced  near  the  coast.  This  consideration,  it  may  be  hoped,  will 
induce  many  practical  men  to  proceed  with  more  confidence  in  making 
trial  of  its  enects  on  inland  situations.  It  is  very  desirable  that  the 
value  of  this  practical  rule,  which  I  suggested  to  you  in  a  former  lec- 
ture (see  p.  190),  should  be  put  to  a  rigorous  test.f 

2°.  But  some  plants  are  more  likely  to  be  benefitted  by  the  applira- 
lion  of  common  salt  than  others.  This  may  be  inferred  from  the  fact 
that  certain  species  are  known  to  flourish  by  the  sea-shore,  and  where 
thoy  grow  inland  to  select  such  soils  only  as  are  naturally  impregnated 
wiih  much  saline  matter.  Observations  are  still  wanting  to  show  which 
of  our  cultivated  crops  is  most  favoured  by  common  salt.  It  is  known, 
however,  that  the  gas  of  salt  mar^^hes  is  peculiarly  nourishing,  and  is 
much  relished  by  cattle,  and  that  the  grass  lands  along  various  parts  of 
our  coast  produce  a  herbage  which  possesses  similar  properties.  It  U 
also  said  that  the  long  tussack  grass  which  covers  the  Falkland  Islands, 

'  Dr.  Madden  has  calcniated  that  the  quantity  of  rain  which  falla  at  Penicuick  In  a  y<'ar, 
biinj^s  down  upon  each  acre  of  land  in  that  neijrtilx>rhood  more  than  GOO  Iba.  weight  orcom> 
inoa  salt  This  would  be  an  enormous  dressing  were  it  all  to  remain  up^n  rhe  land. 
Heavy  ralne,  howeTer,  probably  carry  off  more  from  the  soil  than  they  impart  to  it.  It  to 
the  gentle  ahoweni  that  most  enrich  the  fields  wltb  the  sallno  and  other  matters  they  coo- 
tain. 

t  A  nnmber  or  failures  are  described  in  the  sixth  volume  of  Uie  "  TVonsocf ioiw  of  tAt 
Highland  and  AgrieuUural  Sodetji."  Dr.  Madden  has  recently  shown  that  to  nearly  all 
tlie  40  cams  the  above  principle  applies— the  farms  on  which  they  were  tried  being  more  or 
I'^a'i  freely  exposed  to  the  winds  from  the  east  or  west  sea.— Quarterly  Jbumal  qf  Agr^ 
tuUw,  Stpt.  1842,  p.  674. 
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Ivxuriates  most  when  it  is  within  the  immediate  reach  of  the  driving 
•pray  of  the  southern  sea.  It  may  well  be,  therefore,  that  among  our 
cultivated  crops  one  may  delight  more  in  common  salt  than  another,— 
and  if  we  consider  how  much  alkaline  matter  is  contained  in  the  tops 
and  bulbs  of  the  turnip  and  the  potaioe,  we  are  almost  justified  in  con- 
cluding that  generally  common  salt  will  benefit  green  crops  more  than 
crops  of  corn,  and  that  it  will  promote  more  the  developement  of  the 
leaf  and  stem  than  the  filling  of  the  ear. 

If  this  be  so,  we  can  readily  understand  bow  a  aoil  may  already  con- 
tain abundance  of  salt  to  supply  with  ease  the  wante  of  one  crop,  and 
yet  too  little  to  meet  readily  the  demands  of  another  crop.  The  appli- 
cation of  salt  to  such  a  soil  will  prove  a  failure  or  otherwise,  acconltng 
to  the  kind  of  crop  we  wish  to  raise* 

3^.  Failures  have  sometimes  been  experienced  also  on  repeating  the 
application  of  salt  to  fields  on  which  its  first  effects  were  very  favour* 
able.  In  such  cases  it  may  be  presumed  that  the  land  has  been  already 
•upplied  with  salt,  sutlicient  perhape  for  many  years'  consumption,-— 
and  that  it  now  requires  the  application  of  some  other  substance. 

If  it  be  desired,  experimentally,  to  ascertain  whether  the  land  already 
contains  a  sufficient  supply  of  common  salt,  the  readiest  method  is  to 
collect  half  a  pound  of  the  soil  in  dry  weather,  to  wash  it  well  with  a 
pint  or  (wo  of  cold  distilled  water,  and  then  to  filter  through  paper,  or 
carefully  to  pour  off  the  clear  liquid  after  the  whole  of  the  soil  has  been 
allowed  to  subside.  A  solution  of  nitrate  of  silver  (common  lunar-caus- 
tic of  the  shops)  will  throw  down  a  white  precipitate,  becoming  purple 
in  the  sun,  which  will  be  more  or  less  copious  according  to  the  quantity 
of  salt  in  the  soil.  If  this  precipitate  be  collected,  dried  in  an  oven, 
and  weighed,  every  10  grains  will  iiidicate  very  nearly  the  presence  of 
4  grains  of  common  salt.  The  quantity  of  this  precipitate  to  be  expect- 
ed, even  from  a  soil  rich  in  common  salt,,  is,  however,  very  small.  If 
half  a  pound  of  the- dry  soil  yield  a  single  grain  of  salt,  an  acre  should 
contain  about  ^000  lbs.  of  salt  where  the  soil  is  12  inches  deep— where 
it  has  depth  of  only  6  inches,  it  will  contain  nearly  500  lbs.  in  every 
acre. 

8^.  Chlorxde$  of  Ccdeium  and  Mafiinenum.~^The9e  compounds  arv 
rejected  in  large  quantities  as  a  refuse  ia  some  of  our  chemical  manu- 
ffictories-««nd  they  are  contained,  especially  the  latter,  in  considerable 
abundance  in  the  refuse  liquor  of  oor  salt  pans.  They  have  both  been 
shown  to  be  useful  to  vegetation  (see  Appendix),  and  where  they  are 
easily  to  be  obtained,  they  are  deserving  of  further  trials.  Like  com- 
*  mon  salt,  it  is  generally  in  inland  situations  that  they  are  fitted  to  be 
the  most  usefnl.  Where  salt  springs  are  found  in  the  interior  of  Ger- 
many, the  refuse  obtained  by  boiling  down  the  motljier  liquors  after  the 
separation  of  the  salt  has  been  often  applied  with  advantage  to  the  land. 

Theory  ^  ike  action  of  these  chlorides. — Common  salt  and  the  chlo- 
rides of  calcium  are  not  unfrequeutly  found  in  the  sap  of  plants— they 
mav  be  supposed,  therefore,  to  enter  into  the  roots  without  necessarily 
undergoing  any  previous  decomposition.  But  we  have  already  seen 
(Lee.  v.,  §  5),  that  the  green  leaves  under  the  influence  of  the  sun, 
have  the  power  c^  decomposing  oouunoo  salt— and  no  doubt  the  otbei 
15» 
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chlorides  also-— and  of  giving  oS^  tiieir  chlorine  into  the  surrounding  air. 
When  they  have  been  introduced  into  the  sap  therefore,  by  the  roots,  the 
plant  first  a|>propTiates  so  much  of  the  chlorine  they  contain  as  is  necea* 
sary  lor  the  supply  of  its  natural  wants,  and  evolves  the  rest.  "When 
common  salt  is  thus  decompoaed,  soda  remaips  behind  In  die  sap,  and 
this  is  either  worked  up  into  the  substance  of  ibe  plant,  or  perfbrmsomi 
or  other  of  those  indirect  foBCtioos  1  have  already  explained  lo  yon 
(p.  328)  when  illustrating  the  probable  action  of  polash  and  soda  upon 
the  vegetable  economy.  When  the  other  chlorides  (of  calcium  or  mac* 
nesium)  are  decompoaed,  litne  or  macnesia  remains  in  the  sap,  and  is 
in  like  manner  either  used  up  directly  in  the  formation  of  the  young 
stem  and  seed,  or  is  employed  indirectly  in  promoting  the  chemical 
changes  that  are  continually  going  on  in  tlie  sap.  Tl^  livinc  plant, 
when  in  a  healthy  state,  is  probably  endowed  with  the  power  of  admit* 
ting  into  its  circulation,  and  of  then  decomposing  and  retaining,  so  much 
only  of  these  several  chlorides,  or  of  their  constituents,  as  is  fitted  to 
enahle  its  several  organs  to  pevfurm  their  functions  in  the  most  fierfect 
manner. 

In  the  soil  itself,  in  the  presenise  of  oi^nic  matter  of  animal  and 
vegetable  origin,  common  salt  is  fitted  to  promote  certain  chemical 
changes,  snch  as  the  prodaction  of  alkaline  nttrate»— and  pnibably  sili* 
cates— by  which  the  growth  of  various  kinds  of  plants  is  in  a  greater 
or  less  degree  iocreased.  In  the  soil,  also,  from  their  tenden&y  to  deii-> 
quesce,  or  run  into  a  liquid,  alt  these  chlorides  attract  water  frr^m  the 
air,  and  thus  help  to  keep  the  soil  in  a  moister  state.  When  applied  in 
sufficient  quantity  they  destroy  both  animal  and  vegetable  life,  and 
have,  in  consequence,  been  often  used  with  advantage  for  the  extirpa- 
tion of  weeds,  and  for  the  destruction  of  grubs  and  other  vermin  that 
infest  the  land. 

Q^'.  Phosphate  of  Lime  and  Earth  ef  Bone^ — ^The  cattle  that  irraze' 
in  our  fields  derive,  as  you  know«  aU  the  earthy  materials  of  which  cer* 
tain  parts  of  their  bodies  consist  from  the  vegetables  on  which  they  feed. 
These  vegetables  again  must  derive  them  from  the  foil.  Thus  tha 
earth  of  bones,  or  the  phosphoric  acid  and  lime  of  which  it  consisia 
(p.  196),  must  exist  in  the  soil  on  which  nutritive  plants  grow,  and  it 
must  occasionally  occur  that  a  soil  will  be  deficient  in  these  substanceSt 
and  will,  therefore,  supply  them  with  diflRculty  to  the  croy*s  it  nBm. 
The  benefit  which  in  this  country  is  so  of^n  experienced  froin  the  ma 
of  bones  as  a  manure,  has  been  ascribed,  in  part,  to  the  supply  of  bone* 
earth,  mnth  which  it  enriches  the  land,  (see  Ap])endix,  Ko.  I.)  It 
is  not,  however,  to  be  inferred  from  this,  that  wherever  br-nes  are  use- 
ful, the  application  of  bone-earth  alone— 4n  the  form  of  burnrd  henrf« 
or  of  the  native  phosphate  of  lime,  (p.  199,)  will  necefs^^arily  prxAt 
advantageous  also.  Burned  bones  were  formerly  employed  in  Eng* 
Jahd,  but  the  practice  has  gradually  follen  into  disuse,  and  the  same  is* 
I  believe,  the  case  in  Germany.  This  is  no  proof,  however,  that  ilia 
native  phosphate  of  £stremadura<«->alrpady,  it  is  said,  imported  in<<a 
Ireland  for  agricuhural  purposes,— -would  not  benefit  many  (oils  if  ap- 
plied in  the  stats  of  a  sufficiently  fim  powder.  Until  carefully  con- 
ducted  axperifloeMB,  hswiwar,  shall  Imve  been  made,  and  the  nnmericii 
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results  precisely  ascertained,  it  would  be  improper  to  incur  much  risk 
either  in  briaging  this  substance  to  our  shores  or  in  applying  it  to  our 
fields. 

10°.  Silicates  of  Potash  and  Soda. — These  compounds,  which  have 
been  already  described  (p.  20G),  are  supposed  to  act  an  important 
part  in  the  growth  of  the  grasses,  and  of  ihe  corn-bearing^  plants,  by 
supplying,  in  a  soluble  state  to  the  roots,  the  silica  which  is  so  necessary 
to  the  strength  of  their  stems.  This  supposition  has  been  strengthened 
by  the  results  of  some  experiments  made  by  Lampadius,  who  found  a 
aolutioQ  of  silicate  of  potash  to  produce  remarkable  eflects  upon  Indian 
corn  and  upon  rye.  (Lehre  von  den  mineralischen  DungmiUeln^  p.  25, 
1833.)  It  is  possible  to  manufacture  them  at  a  cheap  rate,  and  it  would 
be  desirable  to  ascertain  by  further  trials  bow  far  the  employment  of 
these  compounds,  as  artificial  manures,  can  be  safely  recommended  or 
adopted  with  the  hope  of  remuneration.* 

11°.  Salts  of  Ammonia. — There  is  reason  tobelieve  that  ammonia  in 
every  state  of  combination  is  fitted,  in  a  greater  or  less  degree,  to  pro- 
mote the  growth  of  cultivated  plants.  None  of  its  compounds,  how- 
ever, are  known  to  occur  any  where  in  nature  in  such  quantity  as  to  be 
directly  available  in  practical  agriculture,  aud  only  a  very  few  can  be 
produced  by  art  at  so  low  a  price  as  to  admit  of  their  being  used  w^ith 
profit. 

«.  Sulphate  of  Ammonia.^'An  impure  sulphate  is  manufactured  by 
adding  sulphuric  acid  to  fermented  urine,  or  to  the  ammoniacal  liquor 
of  the  gas  works,  and  evaporating  to  dryness.  When  prepared  from 
urine,  it  contains  a  mixture  of  those  phospliates  which  exist  in  urine, 
and  wliich  ought  to  render  it  more  valuable  as  a  manure.  The  gas 
rtqnor  yields  a  sulphate  which  is  blackened  by  coal  tar — a  substance 
which,  while  not  injurious  to  vegetation,  is  said  to  be  noxious  to  the 
insects  that  infest  our  corn  fields,  lu  any  of  these  economical  forms  this 
aalt  has  been  found  to  promote  vegetation ;  but  arcftrate  experiments 
are  yet  wanting  to  showjn  what  way  it  acts — whether  in  promoting  the 
growth  (if  tlie  green  parts  or  in  filling  the  ear,  or  in  both — to  what  kind 
of  crops  it  may  be  applied  with  tlie  greatest  advantage — and  what 
amount  of  increase  may  be  expecte*!  from  the  application  of  a  given 
weight  of  the  salt.  It  is  from  the  rigorous  determination  of  such  points 
that  the  practical  farmer  will  be  able  to  deduce  the  soundest  practical 
precepts,  and  at  the  same  time  to  assist  most  in  the  advaneement  of 
theoretical  agricultore. 

The  crystallized  sulphate  of  aminooia  is  soluble  in  its  own  weight  of 
water.  100  lbs.  contain  about  35  lbs.  of  ammonia,  53  lbs.  of  acid,  and 
1 2  lbs.  of  water.  It  may  be  applied  at  the  rate  of  from  30  lbs.  to  60  lbs. 
jicr  acre. 

b.  Sal-Ammoniac  or  Muriate  o/"-4mmoma.— This  salt,  in  the  pure 
state  in  which  it  is  sold  in  the  shops,  is  too  high  in  price  to  be  economi- 
cally employed  by  the  practical  farmer.  An  impure  salt  might,  how- 
ever, be  prepared  from  the  gas  liquor,  which  could  be  sold  at  a  sufficiently 

*  I  have  t«en  foformfld  by  Dr.  Plajfair  ttiat  a  number  of  ezperlwents  wlih  a  w>lubk 
alllcate  of  soilii,  manutacnired  at  Mancl^ettpr,  have  thia  sommer  (1S42)  been  made  ut  bit 
siif[fe»tk>n,  the  resoJis  of  which  will,  no  doubt,  prove  very  luiereBiing. 
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cheap  rate  to  admit  of  an  extensive  application  to  the  land.*  The  only 
numerical  results  from  the  use  of  this  salt  with  which  I  am  acquainted, 
are  those  given  by  Mr.  Fleming,  who  applied  it  at  the  rate  of  20  lbs. 
per  acre  to  wheat  on  a  heavy  loam,  and  to  winter  rye,  on  a  tiliy  clay, 
both  after  potatoes,  and  obtained  the  following  increase  of  produce  per 
acre :—     . 

Grain.  BCnw. 

Rye,  undressed    .     14     bushels  36^  cwt. 

Do.  dressed      .     .     19        do.        .  43l    do. 


Increase  ...      5    bushels.  7    cwt. 

Wheat,  undressed   25     bushels,  each  61  lbs* 
Do.  dressed  .     264  bushels,  each  62  lbs. 


Increase  .     . 

The  increase  of  these  experiments  was  not  very  large,  but  the  quan- 
tity of  sal-ammoniac  employed  was  probably  not  great  enough  to  pro- 
duce a  decided  effect.  It  is  a  valuable  fact  for  the  farmer,  however,  and 
not  uninteresting  in  a  theoretical  i)oint  of  view,  that  a  part  of  the  same 
wheat  field,  dressed  with  1^  cwt.  of  common  sab  per  acre,  gave  a  pro- 
duce of  40  btuhels  of  grain  (see  Appendix,  p.  19.) 

c.  Carbonate  of  Amjnonia-^is  obtained  in  on  impure  form  by  the  dis- 
tillation of  horns,  hcx>f8.  an  I  even  bones.  In  this  impure  form  it  is  not 
generally  brought  into  the  market,  but  in  this  state  it  might  possibly  be 
a  (Forded  at  so  low  a  price  as  to  place  it  within  the  reach  of  the  practical 
farmer.  It  is  supposed  by  some  that  this  carbonate  is  too  volatile— km* 
rises  too  readily  in  the  form  of  vapour — to  be  economically  applied  to 
liiQ  land.  In  the  form  of  a  weak  solution,  however,  put  on  by  a  water 
cart,  or  in  moist  showery  weather  simply  as  a  top-dressing,  especially 
to  grass  lands  and  on  light  soils,  it  may  be  safely  recommended  where 
it  can  be  cheaply  procured. 

d.  Aaimoniacal  ^Liquor. — This  is  proved  by  the  success  which  has  in 
r.iany  localities  been  found  to  attend  the  application  of  the  ammoniacal 
li-juor  of  the  gas  works.  This  liquid  holds  in  solution  a  variable  quan- 
tity of  sulphate  of  ammonia  and  sal-ammoniac, f  but  in  general  it  is 
richest  in  the  carbonate  of  ammonia. 

The  strength  of  the  liquor  varies  in  different  gas  works ;  chiefly  ac- 
cording to  the  kind  of  coal  employed  for  the  manufacture  of  the  gas. 
One  hundred  gallons  may  contain  from  20  lbs.  to  40  lbs.  of  ammonia* 
in  one  or  other  of  the  above  states  of  combination.  -No  precise  rule, 
therefore,  can  be  given  for  the  quantity  which  ought  to  be  applied  tn  the 
iicre  of  land,  but  as  the  application  of  a  larger  quantity  can  do  no  harm, 
]>rovided  it  be  sufficiently  diluted  with  water,  one  hundred  gallons  may 
hv.  safely  put  on  at  first,  and  more  if  experience  should  afterwards  prove 
it  to  be  useful. 

On  grass  and  clover,  upon  a  heavy  moist  loam,  Mr.  Bishop  applied 

*  By  mizinf  ,  for  eaunple,  the  wute  mortetlc  leid,  or  tba  waste  chloride  of  cilrtna, 
xvUh  gas  liquor,  and  evaporailDg  the  mixture  to  dryoeaa. 

t  Eaeh  gallon  of  the  ammonlaeal  Ifqnor  of  the  Bfaneheiter  gaa-worka  la  aaid  to  eoolaia 
2  ouneaa  of  Sal  Ammomlae.    In  theae  works  the  Cannel  coal  of  Wlgao  la  emplojed. 
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105  gallosid  an  acre,  dilnted  with  500  gallons  of  water,  and  obtained,  of 
hay,  from  tlie 

Undressed  ...    (lb.  per  square  yard,  or  20^  cwt.  per  acre. 

Dressed  ....  1|  lb.  do.  or  61  i  cwt.      do< 

Increase  ...  1    lb.  do.  or  41    cwt.»    do. 

Tbe  increase  berh  is  so  very  great  that  farther  trials  with  this  liqaoi^— 
hitherto,  in  most  country  towns  at  least,  allowed  to  run  to  waste— can- 
not be  too  strongly  recommended.  On  the  dressed  part,  according  to 
Mr.  Bishop,  the  Timothy  grass  was  particularly  luxuriant. 

These  experiments  with  the  gas  liquor  show,  as  I  have  said,  that  im- 
pure carbonate  of  ammonia  may  be  safely  applied  to  the  land  without 
any  previous  preparation.  If  it  is  wished,  however,  to  fix  it  or  to  ren- 
der it  less  volatile— which  in  warm  and  dry  seasons  may  sometimes  be 
desirable— this  may  be  effected  by  mixing  it  with  powdered  gypsum,  in 
the  proportion  of  1  lb.  to  each  gallon  of  3ie  amraoniacal  liquor,  or  by 
ad<ling  directly  sulphuric  acid,  or  the  waste  of  muriatic  acid  of  the  al- 
kali works,  f 

e.  Nitrate  of  Ammcnia, — If  it  be  correct  that  those  substances  act 
most  powerfnlly  as  manures  which  are  capable  of  yielding  the  largest 
quantity  of  nitrogen  to  plants,  the  nitrate  oif  ammonia  ought  to  promote 
vegetation  in  a  greater  degree  than  almost  any  other  saline  substance  we 
could  employ.  According  to  the  experimenu  of  Sir  H.  Davy,  (Davy's 
Agricultural  Chemistry^  Lecture  VII.)  however,  this  does  not  appear 
to  be  the  case,  though  Sprengel  has  found  it  more  efficacious  than  the 
Ditrates  either  of  potash  or  of  soda.  This  question  as  to  the  relative 
action  of  tbe  nitrate  of  ammonia  is  very  interesting  theoretically,  but  it 
directly  concerns  practical  agriculture  very  little,  since  the  high  price 
of  this  salt  is  likely  to  prevent  its  being  ever  employed  in  the  ordinary 
operations  of  husbandry. 

/.  Special  action  of  the  different  Salts  of  Ammonia. — The  theory  of 
the  action  of  ammonia  itself  upon  vegetation  I  liave  in  a  former  lecture 
(p.  164)  endeavoured  to  explain  to  you.  But  the  special  action  of  the 
several  saline  compounds  of  ammonia  above  described  will  depend  upon 
the  qualities  of  the  acid  with  which  it  may  be  in  combination. 

The  sulphate  will  partake  of  the  action  of  the  sulphates  of  potash, 
soda,  or  lime  (gypsum),— in  so  far  as  it  may  be  expected  to  exhibit  a 
more  marked  eftect  upon  the  leguminous  than  upon  the  com  crops,  and 
upon  the  product  of  grain  than  on  the  growth  of  the  leaves  and  tbe 
stem.  This  special  action  may  be  anticipated  from  the  sulphuric  acid 
it  contains.  And  if  this  reasoning  from  analogy  be  correct,  we  should 
expect  the  sulphate  of  ammonia  to  rank  amone  the  most  useful  of  ma- 
nures—since  the  one  constituent  (ammonia)  will  promote  the  general 
frrowth  of  the  plant,  while  the  other  will  expend  its  influence  more  in 
the  fillinf  of  the  ear. 

The  mlrate  again  has  been  found  to  act  more  upon  the  crops  of  com 
than  upon  the  leguminous  plants  and  clovers  (Sprengel) — a  result  which 

*  J*rbu  JBnoyv  tfihe  BigkUmd  Society^  zIt.,  p.  869. 
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is  to  b«  explained  by  th«  absence  of  sulphuric  acid,  whicb  appears  ID 
aid  especially  in  tlie  developtneot  of  the  latter  class  of  plants. 

On  this  suoject,  however,  experiments  are  too  limited  in  number,  in 
general  too  inaccurately  made,  and  our  information  in  consequence  too 
scanty,  to  enable  us  as  yet  to  arrive  at  satisfactory  conclusions. 

12*.  Mixed  Saline  Jwanurw.— The  principle  already  so  fi^uently 
illustrated,  that  plants  require  for  their  rapid  and  perfect  devdopment 
a  sufficient  supply  of  a  considerable  number  of  different  inorganic  sub- 
stances, will  naturally  suggest  to  yon  tliat  in  our  endeavours  to  render 
a  soil  productive,  or  to  Increase  its  fertility,  we  are  more  likely  to  suc-> 
ceed  it  we  add  to  it  a  mixture  of  several  of  those  substances,  than  if  we 
dress  it  or  mix  it  up  with  one  of  them  only.  This  theoretical  conclu- 
sion is  confirmed  by  universal  experience. 

Nearly  all  the  natural  manures,  whether  animal  or  vegetable,  which 
are  applied  to  the  land,  contain  a  mixture  of  saline  substances,  each  of 
which  exercises  its  special  eflect  upon  the  after-crop— «o  that  the  final 
increase  of  produce  obtained  by  the  aid  of  these  manures,  must  be  as- 
cribed not  to  the  single  action  of  one  of  iheir  constituents,  but  to  the 
joint  action  of  all.  An  important  practical  problem,  therefore,  pro- 
pounded by  scientific  agriculture  in  its  present  state,  is— what  mixtures 
of  saline  substances  are  most  likely  to  be  generally  useful,  what  others 
specially  useful,  to  this  or  to  that  crop?  The  complete  solution  of  this 
problem  will  require  the  joint  aid  of  chemical  theory  and  of  agricultu- 
ral experiment,^-of  experiments  oflen  varied  and  probably  long  con- 
tinued. But  that  we  may  finally  expect  to  solve  it,  will  appear  from 
what  has  already  been  accurately  observed  in  regard  to  the  effect  of 
certain  artificial  mixtures  upon  some  of  our  cultivated  crops.    Thus— 

a,  Mixturt  of  Nitrate  toidi  Sulphate  of  Soda. — If,  instead  of  dressing 
young  potatoes  with  nitrate  or  with  sulphate  of  soda  alone  (page  331), 
we  employ  a  mixture  of  the  two,  the  growth  of  the  plant  is  much  more 
promoted  and  the  crop  of  potatoes  much  more  largely  increased.  Thus 
Mr.  Fleming  (in  1841)  applied  to  his  potatoe  crop  a  mixture  of  equal 
weights  of  nitrate  and  of  dry  sulphate  of  soda,  in  the  proportion  of  20O 
lbs.  of  the  mixture  to  the  imperial  acre,  with  the  following  remarkable 
result  :— 

Undressed,     ...    66  bolls,  each  5  cwt.,  per  acre. 
Dressed,   ....  107  bolls. 

Increase,    ...    41  bolls,*  or  10  tons  -per  acre ! 

The  stems  also  were  six  and  seven  feet  high.  The  addition  of  nitrate 
of  soda  to  a  portion  of  the  same  field  gave  a  produce  of  only  80  bolls. 
Similar  effects,  of  which,  however,  I  have  not  yet  obrained  the  numeri- 
cal results,  have  been  observed  on  the  same  crop  in  various  localities 
during  the  present  season  (1842). 

The  eflTect  of  this  one  artificial  mixture  holds  out  the  promise  of 
much  good  hereafter  to  be  obtained  by  the  judicious  trial  of  other  mix- 
tures—probably of  a  greater  number  of  substances— upon  all  tbe  crops 
we  are  in  the  habit  of  raising  for  food. 

k^  Wood  af^«.— This  opinion  is  strengthened  by  the  effects  which 
*  0M  Appandlx.  p.  90. 
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have  almost  universally  been  found  to  follow  the  use  of  wood  ashes  and 
of  the  ash  of  other  vegetable!  in  the  cultivation  of  the  land. 

The  quality  of  the  ash  left  by  plants  when  burned  varies,  as  we  have 
already  had  oncasion  to  remark  (p.  216),  with  a  variety  of  circum- 
BtaDces.  It  always  consists,  however,  of  a  mixture  in  variable  propor- 
tions of  carbonates,  silicates,  sulphates,  and  phosphates  of  potash,  soda, 
lime,  and  magnesia,  with  certain  other  substances  present  in  smaller 
quantity,  yet  more  or  less  necessary,  it  may  be  presumed,  to  vegetable 
growth.  Thus,  according  to  Sprengel,  the  ash  of  the  red  beech,  Sie  oak 
and  the  Scotch  fir  (  finn$  tylveatrit),  consists  of 

v«^  * w      n.w  Bcotch     Pitch  Wns. 

KcaoMcn.     uac  pj,        (B^rthJer.) 

Silica 5-ft3  9695  659  750 

Alumina 3-33 

Oxide  of  Iron.    ...  ST7  814  17-03  IMO 

Oxide  of  ManguMse   .  3.85          —  —  275 

Lime 95<K>  1738  8318  13*60 

Magnesia 5-00         144  5*02  435 

Potash 2211  1620  2-20  1410       , 

Soda 332         673  222  2075 

\        Sulphuric  Acid    ...  7-64         8-36  223  3-45 

Phosphoric  Add.    .    .  5-62         1-92  2-75  090 

Chlorine 1*84         2-41  2-30 

Caibonie  Acid    .    .    .  14-00  15*47  36-48  17*50 

100  100  100  960 

The  composition  of  these  diflereot  kinds  of  ash  is  very  unlike— tha^ 
of  the  pitch  pine,  for  example,  being  greatly  richer  in  potash  and  soda, 
and  poorer  in  lime  and  phosphoric  acid,  than  that  of  the  Scotch  fir«- 
while  the  beech  is  richer  than  any  of  the  others  in  potash  and  lime  and 
in  the  sulphuric  and  phosphoric  acids.  The  several  effects  of  diflferent 
kinds  of  wood  ashes  when  applied  to  the  land  will  therefore  be  different 
also.  . 

.  In  England,  wood  ashes  are  largely  employed  in  many  districta, 
mixed  with  bone  dust,  as  a  manure  for  turnips,  and  oflen  with  great 
aoccess.  As  much  as  15  bushels  (71  cwt.)of  ashes  are  drilled  in  per 
acre  with  15  bushels  (6  cwt.)  of  bones.  The  targe  quantity  of  alkali 
present  in  the  tomip  crop  (p.  219)  may  be  supposed  to  explain  the 
good  effects  which  wood  ashes  have  upon  it,  and  may  lead  us  to  expect 
that  ihey  would  in  a  similar  d^;ree  increase  the  produce,of  the  carrot 
and  of  the,  potatoe.* 

The  immediaU  benefit  of  wood  ash  is  said  to  be  most  perceptible  upoo 
leguminous  plants  (Sprengel),  such  as  lucerne,  clover,  peas,  beans,  and 
vetches.  As  a  top-dressing  to  grass  lands  it  roots  out  the  moss  and  pro- 
motes the  growth  of  white  cl^er.  Upon  red  clover  its  effects  will  be 
more  certain  if  previously  mixed  with  one  fbunh  of  its  weight  of  { 


sohi.  In  small  doses  of  two  or  three  hundred  weight  (4  to  6  bushels) 
it  may  be  safely  applied  even  to  poor  and  thin  soils,  but  in  large  and 
repeated  doses  its  ettecta  will  be  too  exhausting,  unless  the  soil  be  either 

*  Tbfai  InferMce  )wa  been  verified  hj  Mr.  Wharton,  of  DT7bum,  who  hat  obtained  an 
eze«>llcot  crop  of  potatoes  ftom  new!  j  ploitghcd-ont  land  tj  Danoiteg  with  wood  tabes 
oolj. 
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naturally  rich  in  vegetable  matter,  or  be  mixed  from  year  to  year  with  a 
sufficient  quantity  (m  animal  or  vegetable  manure. 

In  so  far  as  the  immediate  effect  of  wood  ashes  is  dependent  upon  the 
soluble  saline  matter  the^  contain,  their  effect  may  be  imitated  by  a 
mixture  of  crude  potash  with  carbonate  and  sulphate  of  soda,  and  a  lit- 
tle common  salt.  The  wood  ash  of  this  country  contains  only  about 
one-ffdeenth  of  its  weight  of  soluble  matter  (Bishop  Watson),  so  fbat 
the  following  quantity  of  such  a  mixture  would  be  nearly  equal  in  effi- 
cacy to  the  saline  matter  of  one  Um  of  wood  ash. 

Crude  of  Potash GO  lbs.  at  a  eost  of  15s. 

CrsyUillized  Carbonate  of  Soda      .        .  60    "       "        »'      7s. 

Sulphate  of  Soda 30   '<   )  «<        «i      <>. 

Common  Salt  .....  20   "   J  ^' 

160  24s. 

Where  the  wood  ash  costs  only  a  shilling^a  bushel  (or  £2  a  too),  it 
would  obviously  be  more  economical  to  employ  this  mixture,  were  the 
efficacy  of  wood  ashes  dependent  solely  upon  the  soluble  saline  matter 
they  are  capable  of  yielding  on  the  first  washing  with  water.  But  they 
contain  also  a  greater  or  less  quantity  of  imperf^ly  burned  carbonace- 
ous matter,  the  effect  of  which  upon  vegetation  cannot  be  precisely 
estimated,  and  a  large  proportion— nine- tenths,  perhaps,  of  their  whole 
weight— of  insoluble  carbonates,  nlicates,  and  phosphates  of  potash* 
lime,  and  magnesia,  which  are  known  more  permanently  to  influence 
the  fertility  of  the  land  to  which  they  are  applied.* 

c,  WaAed  or  lixiviated  toood-askes.<^ltk  oountries  where  wood  ashes 
are  washed  for  the  manufacture  of  the  pot  and  pearl  ash  of  commerce 

*  Some  diManfon  has'latelf  arfa^n  in  America  (SiUmum'§  JuurtMii^  xWl  p.  16&.  aaiS 
jrliil.  p.  80),  in  regard  lo  the  fact,  in  Its^ir  •ulRel^ntly  tniercstiniE,  that  wood  ssh^a,  whc^n 
thrown  together  in  heap*,  not  nnflreqaenllf  take  Htp,  be<>ominc  red  hot  thrmitho«ti  th^r 
wliolo  maoa,  and  aometimea  occaaionlnff  aerioua  accldanta.  Such  aahea  aJwa/a  contain  a 
quantity  of  minutely  divided  rartnnaceoaa  matter,  which,  lilcc  th^  impalpable  cliarroal 
powder  of  the  inmpowder  mannfactoiiea,  may  have  the  prnperty  of  alMiorblns  much  air 
into  ita  porea,  and  of  thua  undeivoloft  a  apontaaeoiia  eievmiion  of  temperature.  I  tlirow  ft 
out,  however,  aa  a  more  prohabie  conjecture,  tiiat  during  the  eombuntion  of  the  woo«l  a 
portion  of  the  poiaah  haa  been  decompneed  by  the  rhairoal,  and  converted  into  potaaahnn 
(potash  conaiatinx  of  potaaaiom  and  ozyf  an,  p.  187.  When  expoaed  lo  the  air  and  !• 
moisture  Ihia  iwtaaaium  itradnally  abaorba  oxyiren  and  apontaneoualy  bum*,  a|:Bin  form- 
ing potaah.  That  auch  a  decompoaltion  may  talce  place  where  wood  nr  other  veletabla 
matter  ia  bamed  with  little  acefta  of  air  will,  reailUy  be  granted,  but  h  la  not  an  obvioaa 
that  it  eon  take  place  in  an  open  fire.  But  even  in  an  open  ftra.  or  in  an  open  capraie.  par- 
*  Uclea  of  potaaaium  may  remain  In  the  (Snree  of  the  nnbumeil  chnrroai.  or  more  frequently 
may  be  covered  qver  with  a  glase  of  matted  pocaah,  by  which  further  roaahitaifon  will  ba 

Creventeil.  That  thia  really  doea  happen,  ai^  one  must  have  saiiaficd  himself  who  haa 
een  In  the  habit  of  burning  vecetable  nuiiaraacea  for  the  purpoae  of  determinint  the  pro- 
portion of  a«h  they  leave.  The  glase  of  melted  atkallne  matter  ollen  render*  the  cam« 
plele  rombuelinn  a  very  dilBcult  and  tadioua  maf:er.  That  poiaaalimi  ia  forme«t  liurina  Ihia 
proceaa  la  rendered  further  probable  hy  the  obaerration  thai  the  quantity  of  potai^h  ob> 
tained  from  woo<l  or  other  vegetable  aah  la  leea  when  thtff  wood  ha«  be«n  bunie*!  al  a  high 
than  a  low  temperaturai  The  pocaaalun,  which  ia  volatile,  nay  have  been  diaaipaled  io 
▼apour. 

It  la  probable  that  a  vpontaneooa  rombuMlon  almnar  to  that  obaei^ed  in  AmrHf  a  may 
oecaaloaally  take  place  In  the  haapa  of  aahea  left  to  aland  upon  our  AeMa  after  paring  aM 
bnming— and  hence  probably  haa  ariaen  the  prnctlral  rule,  to  apread  the  aahea  i^a  aoon  aa 
poaalbie  after  the  burning  ia  Rniahed.  If  allowed  to  remain,  they  are  aaid  *'to  take  Md  of 
Oe  loiMf,"  and  when  It  la  of  clay,  lo  born  it  Into  brick.  An  inatanca  of  aneh  eomboarioo  la 
mentioned  aa  having  occurred  at  Chatteria,  In  the  lale  of  Ely.  wh^re  an  entire  conunon 
wae  homed  16  or  18  lachea  daap,  down  to  tba  tery  giaTel.— See  BrfHtA  Buab<mdryy  //, 

p.  no.  \ 
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(p.  187),  this  insoluble  ponion  collects  in  large  quantities.  It  is  i&lso 
present  in  the  refuse  of  the  soap  makers,  where  wood  ash  is  era- 
ployed  for  the  manufacture  of  soft  soap*  The  composition  of  this  inso- 
luble matter  varies  very  much^  not  only  with  the  l&ind  of  wood  from 
which  the  ash  is  made,  but  also  with  the  temperaturt  it  is  allowed  to 
attain  in  burning.  The  fonner  fact  is  illustrated  by  the  following  analy- 
sis made  by  Berthier,  of  the  insoluble  matter  left  by  the  ash  of  five  dif- 
ferent species  of  wood  carefully  burned  by  himself: — 

0«lc.  Lime.       Birch.    Pilch  Pine.    Scotch  Fir.    Beech. 

Silica 3-8 

Lime 548 

Magnesia .    . 
Oxide  of  Iron 
Oxide  of  Man^nese  — 
Phosphoric  Acid         '^ " 
Carbonic  Acid  . 
Carbon      .    .    . 


The  numbers  in  these  several  columns  differ  very  much  from  each 
other,  but  the  constitution  of  the  insoluble  part  of  the  ash  he  obtained 
probably  differed  in  every  case,  from  that  which  would  have  been  left 
by  the  use  of  the  same  wood  burned  on  the  large  scale,  and  in  the  open 
air.  This  is  to  be  inferred  from  the  total  absence  of  potash  and  soda  in 
the  lixiviated  asb^-while  it  is  well  known  that  common  lixiviated  wood 
ash  contains  a  notable  quantity  of  both.  This  arises  from  the  high  tem- 
perature at  which  wood  is  commonly  burned,  causing  a  greater  or  less 
portion  of  the  potash  and  soda  to  combine  with  the  silica,  and  to  form 
insoluble  silicates,  which  remain  behind  along  with  the  lime  and^ other 
earthy  matter,  when  the  ash  is  washed  with  water.  It  is  to  these  sili- 
cates, as  well  as  to  the  large  quantity  of  lime,  magnesia,  and  phosphoric 
acid  it  contains,  that  common  wood  ash  owes  the  more  pennarunt  effects 
upon  the  land,  which  it  is  known  to  have  produced.  When  the  rains 
have  washed  out  or  the  crops  carried  off*  the  more  soluble  part  from  the 
soil,  these  insoluble  compounds  still  remain  to  exercise  a  more  slow  and 
enduring  influence  upon  the  after- produce. 

Still  m>m  the  absence  of  this  soluble  portion,  the  action  of  lixiviated 
wood  ash  is  not  so  apparent  and  energetic,  and  it  may  therefore  be  safely 
added  to  the  land  in  much  larger  quantity.  Applied  at  the  rate  of  two 
tons  an  acre,  its  effects  have  been  observed  to  continue  for  15  or  20 
years.  It  is  most  beneficial  upon  clay  soils»  and  it  is  said  especially  to 
promote  the  growth  of  oats. 

I  am  not  aware  that  in  any  part  of  the  British  Islands  this  refuse  ash 
is  to  be  obtained  in  large  quantity,  but  in  North  America  much  of  it  is 
thrown  away  in  waste,  which  might  be  advantageously  restored  to  the 
land  on  which  the  wood  ha^i  grown. 

d.  Kdp  is  the  name  given  in  this  country*  to  the  ash  lefl  by  marine 
plants  when  burned.     It  used  to  be  extensively  prepared  in  the  Western 

'  In  Brittaay  aadNonnaiid^  U  le  called  var^  whie  that  of  Spain  ia  known  tf  the  nama 
Qfbarma. 
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Islands,  but  the  low  price  at  which  carboaate  of  soda  can  now  be  aiaa^ 
ufactured  has  so  reduced  the  price  and  the  demand  for  kelp  as  alnsost 
to  drive  it  from  the  market.  As  a  natural  mixture,  however,  whicfti 
can  now  be  obtained  at  a  cheap  rate  (about  <€3  a  ton),  and  which  haa 
been  proved  to  be  useful  to  vegetation  in  a  high  degree,  ( Prize  Essays 
of  the  Highland  Society,  vols.  1  and  4,)  it  is  very  desirable  that  accu- 
rate experunenrs  should  be  insdtiited  with  the  view  of  determining  the 
precise  extent  of  its  action,  as  well  as  the  crops  and  soils  to  which  it  can 
be  most  advantageously  and  most  economically  applied.     . 

Like  wood  ashes,  kelp  varies  in  composition  with  the  species  and  age 
of  the  marine  plants  (sea.  weeds)  from  which  it  is  prepared,  and  like 
them  also  it  consists  of  a  soluble  and  insoluble  portion.  Two  samples 
from  diiferent  l<icaliiies  in  the  Isle  of  Skye,  analyzed  by  Dr.  Ure,  (Dic- 
tionary of  Arts  and  Manufactures,  p.  726),  consisted  of— 

NotSBandj, 
BoLUBLB  PoRTioM.  Hettkef.    Rona.   G>y-I  mwn 

Cacbonate  of  Soda  with  Sulphuiet  of  Sodium  .        8*5         5'5         — 

Sulphate  of  Soda 8-0        190         — 

Common  Salt )  a^..        qt.i;     S  ^"^ 

Chloride  of  Potassium J*^       ^^     I9&i» 

630       ©^ 

Tnsolvblb  POSTIOII. 

Caibonate  of  Lime 94*0  lOO  — 

Silica 80  —  — 

Alumina  and  Oxide  of  Inm    .        .  90  lOO  — 

Oypsum —  9*5  — 

Sulphur  and  loss 60  8*5  — 

lOo"       100 

Besides  these  constituents,  however,  the  soluble  portion  contains 
iodide  of  potasium  or  sodium  in  variable  quantity,  and  the  insoluble 
more  or  less  of  potash  and  soda  in  the  state  of  silicates. 

Kelp  may  be  applied  to  the  land  in  nearly  the  same  circumstances  as 
wood -ash — but  for  this  purpose  it  would  probably  be  better  to  burn  the 
sea  weed  at  a  lower  temperature  than  is  usually  employed.  By  this 
means,  being  prevented  from  melting,  it  would  be  obtained  at  once  iir 
the  state  of  a  fine  powder,  and  would  be  richer  in  potash  and  soda. 

It  might  lead  to  important  results  of  a  practical  nature,  were  a  series 
of  precise  experiments  made  with  this  finely  divided  kelp  as  a  manure* 
— es|)eciB!ly  in  inland  situations — for  though  the  variable  proportion  of 
its  con'Uituents  will  always  cause  a  degree  of  uncertainty  in  regaid  to 
the  action  of  the  ash  of  marine  plants— yet  if  the  quantity  of  chloride 
of  potassium  it  contains  to  be  on  an  average  nearly  as  great  as  is  stated 
above  in  the  analysis  of  Gay-Lussac — kelp  will  really  be  the  cheapest 
form  in  which  we  can  at  present  apply  potash  to  the  land. 

e.  Straw  a«A«5.*-Tbe  ashes  obtained  by  burning  the  straw  of  oats, 
barley,  wheat,  and  rye,  contain  a  natural  mixture  of  saline  substances, 
which  19  exceedingly  valuable  as  a  manure  to  almost  every  crop.    The 

*  Fnr  »nin«  niher  •uggeflUonii  on  title  nibjeet,  T  li^f  to  refer  the  roader  to  the  Prim  Bs- 
•ayt  tout  Tramaaetiant  qf  tka  Bi^htand  and  AfriatUural  Sbeut^,  xhr.,  p.  608. 
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propcyrtkm  of  the  seTeral  coottihieiittol'this  mixture,  however,  is  differ- 
ent,  according  as  the  one  or  the  other  kind  of  straw  is  buroed.  Thus, 
100  fMUis  of  each  variety  of  ash—in  the  samplea  analyzed  by  Sprengel 
{Qicmie^  //.)— -consisted  o^ 

Potash     . 

Soda 

Lime 

Magnesia 

Siltea 

Alumina 

Oxide  of  Iron 

Oxide  of  Manganese 

phosphoric  Aeid 

Sulphuric  Acid 

Chlorine  . 

Carbonic  Acid 

100  100  100  100  100 

The  most  striking  differences  in  the  above  table  are  the  comparatively 
large  quantity  of  potash  in  the  oat  straw— of  lime  in  that  of  barley^- 
of  phosphoric  acid  in  that  of  wheat— of  sulphuric  acid  in  that  of  rye-— 
and  of  all  the  saline  substances  in  rape  straw.  These  differences  are 
not  to  be  considered  as  constant,  nor  will  the  numbers  in  any  of  the 
above  columns  represent  correctly  the  composition  of  the  ash  of  any 
varietur  of  straw  we  may  happen  to  burn  (see  p.  183),  but  they  may 
be  safely  depended  upon  as  showing  the  general  composition  of  such 
ashes,  as  well  as  the  general  difltsrences  which  may  be  expected  to  pre- 
rait  among  them. 

That  such  ashes  should  prove  useful  to  vegetation  might  be  inferred 
not  only  from  their  containtnff  many  saline  substances  which  are  known 
to  act  beneficially  when  applied  to  the  land,  but  from  the  fact  that  they 
have  actually  been  obtained  from  vegetable  substances,  if  inorganic 
matter  be  necessary  to  the  srowth  of  wheat,  then  surely  the  mixture  of 
such  matters  contained  in  the  ash  of  wheat  straw  is  more  likely  than 
any  other  we  can  apply  to  promote  the  growth  of  the  young  wheat 
plant.  A  question  migm  even  be  raised,  whether  or  not  in  some  soils, 
rich  in  vegetable  matter,  the  ash  alone  would  not  produce  as  \isible  an 
effect  upon  the  coming  crop,  as  tb«  direct  application  of  the  straw,  either 
in  the  dry  state  or  in  the  baa  of  rotted  farm-yard  manure.  And  this 
(}aestion  would  seem  to  be  answered  in  the  affirmative,  by  tlie  result 
of  many  trials  of  straw  ashca  which  have  been  made  in  Lincolnshire. 
In  this  county  the  ash  of  6ve  tons  of  straw  has  been  found  superior  in 
efficacy  to  ten  tons  farm-yard  manure,  (Survey  of  Lincolnshire,  p. 
304,  quoted  in  British  Husbandry,  II.,  p.  334.)  This  is  perfectly  con- 
sistent witli  theory,  yet  ns  veicetable  matter  appears  really  essential  to  a 
foitile  soil,  and  as  the  quantity  of  thb  vegetable  matter  is  lessened  in 
some  degree  by  every  corn  crop  we  raise,  it  cannot  be  good  husbandry 
to  manure  for  a  suecessieo  of  rotations  with  saline  substances  only* 
The  richest  soil  by  this  procedare  most  ultimately  be  exhausted.  On 
the  other  hand«  where  much  t^^etable  matter  exists,  and  especially 
what  is  osually  called  inert  vegetable  matter,  it  may  be  an  evidence  of 
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great  ekill  ib  the  practical  farmer  to  apply  fir  a  time  the  aahes  ooly  of 
his  straw— or  some  ocher  saline  mixture  to  bis  land. 

The  practice  of  burning  the  atubble  oo  a  windy  day  has  been  Ibood 
in  the  East  Riding' of  Yorluhire  to  prodace  better  cioTer,  and  to  cause 
a  larger  return  of  wheat,  (British  Husbandry,  ii.,  p.  333) — for  this 
purpose,  however,  the  stubble  must  be  left  of  considerable  length.  In 
Germany,  rape  straw— which  the  above  table  shows  to  be  rich  in  saline 
and  earthy  matter,  and,  therefore,  exhausting  to  the  land— is  spread 
over  the  field  and  burned  in  a  similar  manner.%  The  destruction  of 
weeds  and  insects  which  attends  this  practice,  is  mentioned  as  one  of  its 
collateral  advantages,  (Sprengel,  Lehre  Tom  DUngcr,  p.  355.) 

In  the  United  States,  where,  according  to  Captain  Barclay,  the  stgmw 
is  burned  merely  in  order  that  it  may  to  got  rid  of,  (Agricultural  Tour 
in  the  United  States,  pp.  42  and  54,)  it  would  cost  little  labour  to  apply 
the  ash  to  the  soil  from  which  the  straw  was  reaped,  while  it  would 
certainly  enlarge  the  future  produce— and  in  Little  Kussia,  where  from 
the  absence  of  wood  the  straw  is  universally  burned  for  fuel,  and  the 
ashes  afterwards  consiffned  to  the  nearest  river,  the  same  practice 
might  be  beneficially  adopted.  However  feftile,  and  apparently  inex- 
haustible, the  soils  m  this  country  may  appear,  the  time  must  come 
when  the  present  niode  of  treatment  will  have  more  or  less  exhausted 
their  productive  powers. 

It  is  not  advisable,  as  I  have  already  said,  wholly  to  substitute  the 
ash  for  the  straw  in  ordinaty  soils,  or  in  any  soils  for  a  length  of  timet 
yet  that  it  may  be  partially  so  substituted  with  good  effect— Or  that  straw 
ashes  will  alone  give  a  large  increase  of  the  corn  crop,  and  therefore 
should  never  be  wasted^s  shown  by  the  following  comparative  experi- 
ments, conducted  as  such  experiments  should  be,  during  an  entiie  rota- 
tion of  four  years.  The  quantity  of  manure  applied,  and  the  produce 
per  imperial  acre,  were  as  follows : 

IS  ewt    iMrley       8  tons  itable  done      2lonsof  roOSB 
Nomftoore.  straw  burned  In    the    Mniw         dung      eight 

oo  the  ground.  state.  months  obL 

1^  Turnips,  2*2  lbs. '  8|  cwL  18|  cwt  16)<  ewt- 

2?,  Barley,    14|  bush.  30|  bush.  30|  bush.  30|  bush. 

3^.  Clover,      8  cwt  18   cwt.  SO  cwt.  21    cwt. 

40.  Oats,       32  bush.  18   bush.  38    bush.  40  buah. 

The  kind  of  soil  on  which  this  experiment  was  made  is  not  stated, 
(British  Husbandry,  ii.,  p.  248,)  but  it  appears  to  show,  as  we  should 
expect,  that  the  efifects  of  straw  ash  are  particularly  exerted  in  promot- 
ing the  growth  of  the  com  plants  and  grassee  which  contain  much  sili- 
ceous matter  in  their  stems— in  short,  of  plants  similar  to  those  from 
which  the  ash  has  been  derived* 

Theory  of  the  action  of  $traw  cu^.— That  it  should  especially  pro- 
mote the  growth  of  such  planu  appears  most  natural,  if  we  consider 
only  the  source  from  which  it  has  been  obtained,  but  it  is  fully  ex- 
plamed  by  a  further  chemical  examination  of  the  ash  itself.  The  a»* 
luble  matter  of  wood  ash  in  general  contains  but  a  small  quantity  of 
ailicap— while  that  part  of  the  straw  ash  which  is  taken  up  by  walsr 
contains  very  much*    That  a  wheat  ash  analysed  by  Beithier  comaiiMd 
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Soluble  Bda 19  per 

loBoluble  matter 81        " 

100 
aod  that  'wbicb  was  dieaolved  by  water  consisted  of 

Silica •       .       35  per  cent 

Chlorine 13        *< 

Potash  and  soda       .       .        .        .  i     .        50        " 
Sulphuric  acid  .        i        •        .        ,        .         2       ** 

X  100 

so  that  it  was  a  mixture  of  soUtble  silicates  and  chlorides  with  a  little 
sulphate  of  potash  and  soda.  These  soluble  silicates  will  find  an  easy 
admission  into  the  roots  of  nlants,  and  will  readily  supply  to  the  yoang 
stems  or  the  com  plants  ana  grasses  the  silica  which  is  indispensable  to 
their  healthy  growth. 

f,  Turf  or  peat  ashes^  obtained  by  the  burning  of  peat  of  various 
Qualities,  are  also  applied  with  advantage  to  the  land  in  many  districts. 
They  consist  of  a  mixture  in  which  gypsum  is  usually  the  predominat- 
ing useful  ingredient — the  alkaline  salts  being  present  in  very  small 
proportion.  Of  ashes  of  this  kind  those  made  in  Holland,  and 
generally  distinguished  by  the  name  of  Dutch  ashes,  are  best  known, 
and  have  been  most  frequently  analyzed.  The  fi>llowing  table  exhi- 
bits the  composition  of  some  varieties  of  ashes  from  the  peat  of  Hol- 
land and  from  the  heath  of  Luneburg,  examined  by  Sprengel  :— 


pQCch  Atbes  (grey). 


oqsIUt. 

Silica 471 

Alomma 4*5 

Ojddeoflron 6*6 


Do.  of  Manganese . 

Lime 

Magnesia.  •  .  • 
Potash  .... 
Soda 


1-0 
13-6 
4^ 
03 
1-0 

7-3 

30 


Inferior 

'^- 

35 
5-4 
43 
8-G 
1-6 
0-3 
39 

6-4 

0-8 


Wont 

70*4 
41 
41 
0^ 
6.1 
3-9 
0-1 
0-4 

3-4 

13 


SolphnricAcid  .    .    .    t 

Phosphoric  Acid  •    .    . 

Chlorine 1-3         SO         0-5 

Carbonic  Acid 4-1         6.4         5-5 

Chaned  Tuif 6^  —         . 


100-0 


Looebaii  Ashes  (reddish). 


Prodoeing 

Utile  effect. 

433 

9-7 

19-3 

35 

7-1 

4-6 


Good 
quaUtjr. 
317 

51 
17-7 

0-5 
31-9 

10 

0-1 

O'l 


6^ 

Phosph.  of  Lime 
1-8  0-3 

Common  Salt 
01  01 

4-4  13-0 


.100-0     lOOO     lOOO  100-0* 

Id  the  most  useful  varieties  of  these  ashes  it  appeals,  from  the  above 
analyses,  that  lime  aboond»— partly  in  combination  with  sulphuric  and 
phosphoric  acids,  forming  g3rp8um  and  phosphate  of  lime— aod  partly 
with  carbonic  acid,  forming  carbonate.  These  compounds  of  lime, 
therefore,  may  be  regarded  as  the  active  ingredients  of  peat  ashes. 


Yet  the  smali  qtmntity  ofeallnt  matter  they  contain  U  mx  to  be  coq« 
tidered  as  wholly  without  eflect.  For  the  Dntch  ashea  are  ofteo  ap- 
plied to  the  land  to  the  extent  of  two  tons  an  acre— a  quantity  which* 
even  when  the  proportion  of  alkali  does  not  exceed  one  per  ceni.,  will 
contain  45  lbs.  of  potash  or  soda,  equal  to  twice  that  weight  of  sulphates 
or  of  common  salt.  To  the  minute  quantity  of  saline  matters  present  in 
them,  therefore,  p^at  ashes  may  owe  a  portion  of  their  beneficial  in- 
fluence, and  to  the  almost  total  absence  of  such  compounds  from  the 
less  valuable  sorts,  their  inferior  estimation  may  have  in  part  arisen. 

In  Holland,  when  applied  to  the  com  crops,  they  are  either  ploughed 
in,  drilled  in  with  the  seed,  or  applied  as  a  top  dressing  to  the  young 
shoots  in  autumn  or  spring.  Lucerne,  dover,  and  meadow  grass  are 
dressed  with  it  in  spring  at  the  rate  of  15  to  18  cwL  per  acre,  and  the 
latter  a  second  time  with  an  equal  quantity  after  the  first  cutting.  In 
Belgium  the  Dutch  ashes  are  applied  to  clover,  rape,  potatoes,  flax, 
and  peas— but  never  to  barley.  In  Luneburg  the  turf  ash  which 
abounds  in  oxide  of  iron  is  applied  at  the  rate  of  3  or  4  tons  per  acre, 
and  by  this  means  the  physical  character  of  the  clay  soils,  as  well  as 
their  chemical  constitution,  is  altered  iipd  improved. 

In  England  peat  is  in  many  places  burned  for  the  sake  of  the  ashes 
it  yields.  Among  the  most  celebrated  fur  their  fertilizing  ({ualities  are 
the  reddish  turf  aslies  of  Newbury,  In  Berkshire.  The  soil  from  be- 
neath which  the  turf  is  taken  abounds  in  lime,  and  the  ashes  are  said  to 
contain  from  one-fourth  to  one-third  of  their  weight  of  gypsum,  [Bri- 
ttsh  Husbandry,  ii-,  p.  334.]  They  are  used  largely  both  in  Berkshire 
and  Hampshire,  and  are  chiefly  applied  to  green  crops,  and  especially 
to  clover.* 

g.  Coal  ashes  are  a  mixture  of  which  the  composition  is  very  varia- 
ble. They  consist,  however,  in  general,  of  lime  often  in  the  state  of 
gypsum,  of  silica,  and  of  alumina  mixed  with  a  quantity  of  bulk^  and 
porous  cinders  or  half  burnt  coal.  The  ash  of  a  coal  from  Su  Etieone, 
m  France,  after  all  the  carbonaceous  naatter  had  been  burned  away, 
^"^^  found  by  Berthier  to  consist  4>f 

Alumina,  insoluble  in  acids      •       •        .        .  G3  per  cent 

Alumina,  soluble 5       '** 

Lime ,        ,        .        .  6        " 

Magnesia 8        ** 

Oxide  of  Manganese 3        ** 

Oxide  and  Sulphuret  df  Iron    •       •       •       .  1^       **  - 

100 

Such  a  mixture  as  this  would  no  doulM  benefit  nruiny  soils  by  the 
alumina  as  well  m  by  the  lime  and  naagnesia  it  contains ;  but  in  the 
English  and  Scotch  coal  ashes  a  small  quantity  of  alkaline  matter, 
chiefly  soda.f  is  generally  present.  The  ooostUution  of  the  ash  of  oar 
best  coals,  therefore,  may  be  considered  as  very  nearly  resembling  that 
of  peat  ash,  and  as  susceptible  of  similar  applications.    When  well 

*  60  bushels  per  acrs  (at  3d.  a  bushel,  or  ISt.  Set  an  aeie)  locreaaa  the  cIoTcr  crop  Aillj 
OAs  flfUL—Morum  **  Om  SbUf,"  p.  17a 

t  Wnm  Um  coMflsoB  wl^  iviUi  ti4iloh««r  ««Bl4sss-iA 
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burned,  it  can  iiMiiany  cases  be  applied  with  good  eflects  as  a  top-drese- 
iog  to  gran  lands  wnich  are  overgrown  with  moss;  wbile  the  admix- 
ture of  cinders  in  the  ash  of  the  leas  perfecdy  burned  co^  produces  a 
favourable  physical  change  upon  strong  clay  soils. 

h.  Cane  Ashe$.^L  may  allude  here  to  the  advantage  which  in  sugar- 
growing  countries  may  be  obtained  from  the  restoration  of  the  cane  ash 
to  the  &lds  in  which  the  canes  have  grown.  After  the  canes  have  been 
crushed  in  the  mill  they  are  usually  employed  as  fuel  is  boiKng  down 
the  syrup;  and  the  ash,  which  is  not  unfrequently  more  or  less  melted, 
is,  I  believe,  almost  uniformly  neglected— at  all  events,  is  seldom  ap- 
plied again  to  the  land.  According  to  the  principles  I  have  so  often 
illustrated  in  the  present  Lectures,  such  procedure  must  sooner  or  later 
exhaust  the  soil  of  those  saline  substaaces  which  are  most  essential  to 
the  growth  of  the  cane  plant.  If  the  ash  were  applied  as  a  top-dressing 
to  the  young  canes,  or  put  into  the  cane  boles  near  the  roots— having 
been  previously  mixed  with  a  ouantity  of  wood-ash,  and  crushed  if  it 
happen  to  have  been  melted— this  exhaustion  would  necessarily  take 
place' much  more  slowly. 

t.  Cnuhed  Oranite*^-We  have  already  seen  that  the  felspar  existing 
in  granite  contains  much  silicate  of  potash  and  alumina.  It  is,  in  fact, 
a  natural  mixture^  which  in  many  instances  may  be  beneficially  applied, 
especially  to  soils  which  abound  in  lime.  It  is  many  years  since  Fuchs 
proposed  to  manufacture  ^tash  from  felspar  and  mica  by  mixing  them 
with4|uicklime,  calcining  in  a  furnace,  and  then  washing  with  water. 
By  this  meanslie  said  felspar  might  be  made  to  yield  one-fiflh  of  its 
weight  of  potash.  (Journal  of  the  Royal  Institution,  I.,  p.  184.)  Mr. 
Prideaux  has  lately  proposed  to  mix  up  crushed  granite  and  quicklime, 
to  slake  them  together,  and  to  allow  the  mixture  to  staixl  in  covered 
heaps  for  some  months,  when  it  may  be  applied  as  a  top-dressing,  and 
will  readily  give  out  potash  to  the  soil.  Fragments  of  granite  are  easi- 
ly crushed  when  they  have  been  previously  heated  to  redness,  and  there 
can  be  little  doubt,  I  think,  that  such  a  mixture  as  that  recommended 
by  Mr.  Prideaux  would  unite  many  of  the  good  eflects  of  wood  ashes 
and  of  lime. 

k.  Crushed  TVop.— I  need  not  again  remind  you  of  the- natural  fer- 
tility of  decayed  trap  soils  (LfCC.  XII.,  §4,)  and  of  the  improvement  which 
in  many  districts  may  be  effected  by  applying  them  to  the  land.  When 
granite  decays,  the  potash  of  the  felspar  is  washed  out  by  the  rains,  and 
an  unproductive  soil  remains — when  trap  decays,  on  the  other  hand,  the 
lime  by  which  it  is  characterised  is  not  soon  dissolved  out,  so  that  the 
soil  which  is  produced  is  not  only  fertile  in  itself,  but  is  capable  of  being 
employed  as  a  fertilizing  mixture  for  other  soils.  Thus  when  it  is  much 
decayed  it  is  dog  out  from  piu  both  in  Ckumwall  and  in  Scotland,  and 
is  applied  like  marl  to  the  land. 

L  Cnuiked  Laoae^--^^  the  f)srtile  and  fertilising  nature  pf  the  crushed 
or  decayed  lavas  I  have  also  already  spoken  to  you  (Lee.  XII.,  §  4). 
In  St.  Michael's,  one  of  the  Azores,  the  natives  pound  the  volcanic  mat- 
ter and  spread  it  on  the  grotmd,  where  it  speedily  becomes  a  rich  mould 
capable  of  bearing  luxuriant  crops.  At  the  foot  of  Mount  Etna,  when- 
ever a  crevice  appears  in  the  old  lavas,  a  branch  or  joint  of  an  Opontia 
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(CaetMS  O/miUkEv— Eofopean  Indian-Fig)  is  stack  in,  when  the  roots  in- 
sinuate themselves  into  every  fissure,  expand,  and  finally  break  up  the 
lava  into  fragoienu.  These  plants  are  tiius  not  only  the  means  of  pio- 
ducing  a  soil,  but  they  yield  also  much  fruit,  which  is  sold  as  a  refresh- 
ing food  throughout  all  the  towns  of  Sicily.  (Decandolle,  quoted  in  the 
Quart.  Journ.  of  Agr.,  IV.  p.  737.) 

These  are  all  so  many  natural  mineral  mixtures  of  which  we  may 
either  directly  avail  ourselves,  or  which  we  may  imitate  by  art. 


Experiments  vnth  mixed  manures. 

NoTB.— As  a  valuable  appendix  to  the  preceding  observations  on 
mixed  manures,  I  am  permitted  to  insert  the  following  very  interesting 
results  obtained  during  the  present  season,  1842,  from  experiments  made 
on  the  estate  of  Mr.  Burnet,  of  Oadgirth,  near  Ayr.  The  crop  to  which 
the  several  manures  were  applied  was  wheat  of  the  eclipse  ▼anety,  sown 
on  the  29th  of  October,  1841,  and  reaped  on  the  15th  of  August  last. 
The  soil  is  a  loam  with  subsoil  of  clay,  tile  drained  and  trench^  plough- 
ed. It  bad  been  in  beans  the  previous  year,  and  gave  six  quarters  per 
acre,  which  were  sold  at  46s.  a  quarter.  No  manure  had  been  applied 
with  the  bean  crop,  and  except  a  good  dose  of  lime  before  sowing  iho 
wheat,  nothing  but  the  saline  mixtures  mentioned  below  was  applied  ' 
with  this  latter  crop.  ^ 

VBOovos.  100  lbs.  frelo 

AppUcaUon  per  Imperial  acre.  , * ^  Weight  per   produced  of 

BUmw.            GraiD.  IwaheL          fine  flour. 

CI0I.           *Mi*.    Ite.  Ibt,                  Urn. 

Sulphate  of  Ammonia,  3  ewt*  I       q..           4o    (li  en              iut% 

W<!od.ashes,4cwL.    .    ,    .  \       ^^           ^    "  ^              ^* 
Sulphate  of  Ammonia,  2  cwt  ,  i 
Sulphate  of  Soda,  2  cwL    .    .  ' 


Wood-aahca,  4  cwt 
Sulphate  of  Ammonia,  2  cwL 
Common  Salt,  2  cwt 
Wood-ashes,  4  cwt 
Snlphate  of  Ammonia,  2  cwt 
Nitrate  of  Soda,  1  cwt 
Wood-ashes,  4  cwt  . 
NoAppiicaUon    .    .    . 


441  49     6  60  63i 

45  49     0  60  66} 


44i 

48    90 

C9 

Ml 

29- 

31    38 

611 

Wl 

The  reader  ^ill  observe  here  that  though  the  first  mixture  produc^ed 
a  large  increa^  both  of  straw  and  grain,  a  still  larger  additional  increase 
was  caused  by  mixing  with  the  substances  of  which  it  consisted  either  com- 
mon salt  or  sulphate  of  soda  or  nitrate  of  soda.  Each  of  these  three  sub- 
stances produced  nearly  the  same  efllect.  The  soda,  therefore,  more 
than  the  acid  with  which  it  was  combined,  must  in  these  cases  have  act- 
ed beneficially.  The  comparatively  small  proportion  of  fine  flon  r  y  ield« 
ed  by  tlie  nitrated  wheat,  and  the  comparatively  large  proportion  ob- 

*  Tbe  solphate  of  ammonia  vaa  prepared  fiom  urine,  and,  therefore,  eonlainedoiberBd> 
nixtares  (p«<e  819).  The  atraw  waa  atit>nfe»t.  coaraeef,  and  longeat  in  ripeolait,  where 
Uiia  aalpbaie  waa  applied.  The  two  guanos  produced  little  humriaoee,  but  the  Iota  to  wtalcli 
fbej  wereoppUed  were  eoooeat  lipe. 
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taiDdd  from  that  to  which  no  applicadon  waa  made,  are  ako  highly.de- 
aerring  of  notice. 

Mr.  Burnet  has  transmitted  to  me  samples  of  the  floor  from  these 
several  growths  of  wheat,  with  the  view  of  determining  the  relative 
;voportion8  of  gluten  they  contain.  The  result  of  this  examination, 
which  cannot  fail  to  he  interesting,  will  he  given  in  a  succeeding  Lec- 
ture—before which,  however,  I  hope  the  whole  of  Mr.  Bamet's  experi- 
ments will  be  laid  before  the  public. 

It  will  be  observed  that  Mr.  Buraet  has  exercised  a  sound  discretion 
in  making  and  trying  mixtures  not  hitherto  specifically  recommended. 
It  is  by  the  result  of  such  varied  experimental  trials,  made  bjy  intelli- 
gent practical  men,  on  different  soils  and  crops,  and  with  mixtures  of 
which  the  eonsUttUitmU  exactly  known^  that  we  shall  be  able  hereafter  to 
correct  our  theoretical  principles— as  well  as  to  simplify  and  render 
more  sure  our  general  practice. 


[Since  writing  the  above,  lam  informed  that  the  nlieateofjpotaskt  re- 
ferred to  at  p.  349,  is  manufactured  bv  Messrs.  Dymond,  of  l^ndoo,  and 
may  be  obtained  from  the  London  dealers  at  568.  a  cwt.  I  expect  ^so, 
that  a  silicate  of  soda  will  soon  be  brought  into  the  market  by  the  Messrs. 
€kx>ksons,  of  the  /arrow  AlkaU  Works,  at  a  much  lower  price*  The 
probable  efficacy  of  these  substances,  as  manures,  has,  no  doubt,  been 
extolled  too  highly  by  some— their  real  efficacy,  however,  is  well  de- 
serving of  investigation.  I  insert  in  the  Appendhc  No.  VII,  therefore, 
some  surgestions  for  experiments  with  these  substances,  in  the  hope  that 
daring  the  spring  of  1843,  some  experiments  on  the  subject  may  be 
made. 


LECTURE  XVII. 

Vm  of  Hme  u  s  manure.— Value  of  lime  In  Improving  the  ■pU.-~or  t^e  compoilUMi  of 
eommon  and  niMnesian'Uine-sttoaea.— Barnint  tiMTalakiiiit  of  lilne.— <?tuuifes  whleli 
«Mied  Hne'UDderiEoevby  expoaur^  to  the  air—Varioua  Mofurof  alatea  io  wUeh  eubommtm 

' of, Wtnfi  ta applied  ta ihe JiHnd.— Mail— abell and  coral aand,— llmeatcne aaod and gni»el» 
f^HnriiBhed  llme^aiot)<>.>^>ChMnical  eompoaition  of  varlona  tn«rl8,aiKl8bell  and  liaie^oiie 

,  *Miida.^-TheU- vfTectA  on  theabiL— Uae  of  chalk.— la  liMe  necenwr  Io  the  aoill— B» 
.  l)ansting  elTect  of  lime — Analogy  between  thin  action  of  lime  and  that  of  wood-cabas. 

'  Qoanilt*  ofNme  to  be  appliodr-^ffeefa  of  an  oTenioae.— Form  In  which  il  maj  be  bm«1 

•  pmdeoiiy  uaed.— Wheh'it  ouxbt  to  be  applied  ia  reference  to  ihe  aeaaoo— to  ibe  rotaUon 
-r«nd  to  thd  application  of  manure. ~Ita  general  and  apecial  eflfecia  on  different  aoUa  and 
eropa. — Clrcumeiaoeea  which  hiflaencelta  action.— Lencth  of  time  daring  which  iia  af- 
feed  are  percepUble.— Theory  of  the  action  of  lime.— Neceaaitj  and  patnre  of  the  as- 
baaitlon  which  It  aomeiimea  produces.— Sinking  of  lime  into  the  soil.— Why  tlie  wftpli- 
eatloo  of  lime  mual  be  repeate<i.— Action  of  lime  on  Uvlog  antmali  and  vegelaMcs. 
Suggeatlona  of  theory.— Use  of  aUicste  of  lima. 

Having  explained  to  you  the  aetion  of  the  most  important  saline 
%i)d  mixed  mineral  substances  which  are  or  may  be  beneficially  ap- 
plied to  the  soil,  I  have  now  to  draw  your  attention  to  the  use  of  lime 
-^the  most  valuable  and  the  most  extensively  used  of  all  the  mineral 
substances  that  have  ever  been  made  available  in  practical  agricul- 
6ire.  It  has.  and  with  much  reason,  been  called  "  the  basis  of  all  * 
^[ood  husbandry" — it  well  deserves,  therefore,  your  most  serious  attea-' 
tipa  as  pradCical  men,  and  p^  my  part  the  application  of  every  chem- 
ical liffht  by  which  its  usefulness  maybe  explained  and  your  practice 
guidea.  This  considorallon  also  will  justify  me  in  dwelling  upon  it 
with  some  detail,  and  in  illustrating  separately  the  various  points, 
both  of  theory  and  practice,  w^hich  present  themselves  to  us,  when 
we  study  the  history  of  its  almost  universal  appUcation  to  the  soil. 

^\,  Cf  the  composition  of  common  and  magnesian  Hm^-9tone$. 

1°.  Cknnmon  lime-stones. — Lime  is  never  met  with  in  nature  except 
in  a  state  of  chemical  combination  (Lee.  I.,  {5,)  with  some  other 
substance.  That  which  is  usually  employed  in  agriculture  is  met 
with  in  the  state  of  carbonate. 

Carbonate  of  lime,  or  common  lime-stone,  consists  of  lime  and  car- 
bonic acid,  and  when  perfectly  pure  and  dry,  in  the  following  propor- 
tkus:— 

per  cent 

Carbonic  acid 43-7  ^ 

Lime 56*3  I  or  one  ton  of  pure  dry  carbonate  of 

\      lime  contains  Hi  cwts.  of  lime. 

100    J 

Limestones,  however,  are  seldom  pure.  They  alvvays  contain  a  sen- 
sible quantity  of  other  earthy  matter,  chiefly  silica,  alumina,  and  oxide 
of  iron,  with  a  trace  of  phosphate  of  lime,  sometimes  of  potash  and  soda, 
and  often  of  animal  and  other  organic  matter.  In  lime-stones  of  the 
best  quality  the  foreign  eartliy  matter  or  Impurity  does  not  exceed  5  per 
cent  of  the  whole — while  it  is  ot\en  very  much  less.    The  chalks  and 
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ttOttntaiil  ihne-Btonefl  are  generally  of  thia  kind.    In  thcise  of  inferior' 
qoality  it  may  amount  to  12  or  30  per  cent.  whHa  many  calc^ire^uii  beds 
ak«  met  with  in  which  theproporfionofhmeiefloflnall  that  they  will ' 
not  bum  into  agricultural  or  ordinary bailding  lime'-^reiVising  to  slake* 
or  to  foil  to  powder  when  raoiirteii^wich  water.    Of  this  kind  m  the 
Ifiiih  calp  and  the  lime-stbne  nodulea  whkh  are  burned  for  the  maip- 
olacture  of  hydranlic  limes  or  oem^its.*    It  is  easy  to  ascertain  the ' 
anantity  of  earthy  matter  contained  hi  hme^tone,  by  simply  intnn 
OQciog  a  known  weight  of  it  mto  cold  diluted  muriatic  acid,  and  ob- 
•erving  or  weighing  the  part  wbieh,  alter  12  hours,  refUses  to  dis* 
■oUe  or  to  exhibit  any  effervescence.    It  is  to  the  presence  of  these 
fnsolubld  impurities  that  limenrtod^s  in  general  owe  their  color,  pure 
earbonikte  or  lime  being  perfee^  white. 

t^.  Magneeian  lime-stone.— Thongfi  often  nearly  white,  the  mag- 
nesian  lime-stones  of  our  island  are  generally  of  a  yellow  color.  They 
cannot  by  the  eye  be  distinguished  Irom  common  hme-stones  of  a  simi- 
lar color,  but  they  are  charaeterked  by  contaiapmg  a  greater  or  less 
propbrtioQ  of  carbonate  of  magnesia,  which  is  more  or  less  easily  de* 
t^ted  by  analpis.  Pure  carbonate  of  magnesia  consists  of 
percent  * 

Carbonic  acid.  .61*7  ^ 

Magne^a .48*3  I  or  one  ton  of  plire  dry  carbonate  of  magnesia ' 

i      contains  92  cwts.  of  magnesia. 

100      J 

It  contains,  therefore^  a  considerably  larger  proportion  of  carbonic 
acid  than  is  present  in  carbonate  of  lime. 

Magnesian  lime-stone  is  very  abundant,  is  indeed  the  prevailing 
rock  in  many  parts  of  England  (Lec.  XL,  sec  4,)  but  the  proportion 
of  carbonate  of  magnesia  ^t  contains  is  very  various  in  different  lo- 
calities. E  v6n  in  the  s^me  qutfn^  difier^t  bedi  oontahi  very  unlike 
proportions  of  magnesia,  and  are  therefore  more  or  lesi  fitted  for 
agncultural  purposes.  Thus  several  varieties  of- this  lime-stone,  ex* 
amined  by  myself,  from  didbrent  parts  of  the  county  of  Durham, 
contained  the  two  carbonates  in  the  fblkywing  proportions : 

Ghuiaondsway ^7*5     2-5     trace     traoe  Hard  oompaetgrey. 

Stony  gate .98  0      1  Cl    0-37      (k  1%  Crystalline  fiae  grained  yellow 

fUweU  960      »I      <V8       3«     jBow|j.^c»mbed  crystalline 

SeahaiQ  (A) 90-5     23  <W       10  ^  Hard  line-grained  oompact 

•<        (B) 950      1-3  W       3*5  '  Haid  porous  brown. 

Haitlspool 54.5    44-93  0-33  0^     Oolitic  yellow. 

HambledonHtn(A)57'9    41-8  1  0-96     Peifbet  encrinal  colmniis. 

"        '*    (B)  60-41  38  78  t  0^1     CootistingiA'partenerinalcoL 

FenyHill 641    4473  1-58     46     Yellowish  compact. 

Some  of  these  varieties,  as  w6  se^  contain  very  little  carbonate  of 

*  Thus  tlwC  ef  Abeftkaw  eoMslns  »boat  66  of  esifeensto  ef  llaie  sod  II  of  elsj,  *e.  i 
liwi  of  Terksbtre  62  of  cutonaie  of  Hme  sad  Hot  sImt ;  of  aepmr  66 of  eSibomle  of 
Ibne  snd  62  of  elsj.  Those  lime^iones  are  bomed,  sod  tbea  erasbsd  Id  sa  Impslpsbte 
^pswder,  whieli  sets  slflsoit  IflUMdlscoIr  when  adssd  19  litt  SMW. 
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magnena,  and  therefofe,  are  fbond  toproduce  exoelleDt  liiiie  fat  agri- 
cultual  porpoMfi — ^while  in  others  tm  salMtancelorma  neariy  oaf 
half  of  the  whole  weight  of  the  roeb  SimiJar  differences  are  found 
to  jmvai)  in  afanost  every  locaiity. 

This  admixture  of  magnesia  in  greater  or  less  quantity  is  not  ooo- 
fined  to  the  lime-stones  of  the  magneeian  iime-stone  fonnation  ptt^- 
perly  so  called.  It  is  found  hi  s^osible  quantity  in  certain  beds  of 
lime-stone  in  nearly  every  geological  ibnnation,  and  there  are  few 
natural  Ume-stones  of  any  kind  in  which  traces  of  it  may  not  be  dis- 
covered by  a  carefully  condueled  ehemical  examination. 

The  stnimleBt  method  of  detecting  magnesia  in  a  lime-stone  is  to  dis- 
solve it  in  diluted  muriatic  add,  and  then  to  pour  clear  lime  water  into 
the  filtered  solution.  If  a  li^ht  white  powder  fall,  it  is  magnesia.  The 
relative  p(^xirtions  in  two  hme-Btooes  may  be  estimated  pretty  nearly 
by  dissolving  an  equal  weight  of  eaeh,  pouring  the  filtered  solution* 
into  bottles  which  can  be  ccmied,  and  then  filling  up  both  with  lime 
water.  On  snbsidin|p,  the  relative  bulks  of  the  [nrecipitates  will  indi- 
cate the  reapectire  nphness  c{  the  two  varieties  in  magnesia. 

§2.  Cf  the  burmng-  andaUUd'ag  of  lime. 

Burning, — When  carbonate  of  lime  or  carbonate  of  magnesia  is 
heated  to  a  high  temperature  in  the  open  air  the  carbonic  acid  they 
severally  contain  is  driven  ofl^  and  the  Hme  or  magnesia  remains  in 
the  caustic  state.  When  thus  heated  the  carbonate  of  magnesia 
parts  with  its  carbonic  acid  mone  speedily  and  at  a  lower  temperature 
than  carbonate  of  lime. 

On  the  large  scale  this  burning  is  conducted  in  lime  kifaus  one  ton 
good  limenstone  yielding  about  11  cwts.  of  burned^  skeU^  quickj  or 
caustic  lime. 

Siahine^.^Whea  this  shell  or  quick-lime,  as  it  is  taken  from  the  kihi, 
is  plunged  into  water  for  a  short  thne  and  then  withdrawn,  or  when  a 
quantity  of  water  is  nonred  upon  it,  heat  is  developed,  the  time  swelk, 
cracks,  gives  off  mucm  watery  vapor,  and  finally  (alls  to  a  fine,  bulky, 
more  or  less  white  powder.  These  appearances  are  more  or  less  rapia 
and  striking  according  to  the  quality  of  the  lime,  and  the  time  that  has 
been  allowed  to  elapw  after  tak  burning,  before  the  water  was  applied. 
All  lime  becomes  difficult  to  dake  when  it  has  been  for  some  time  ex- 
posed to  the  air.  When  the  slacking  »  rapid  as  in  the  rich  limes,  the 
neat  produced  iii  sufiicient  to  kindle  gunpowder  strewed  upon  ft  and 
the  increase  of  bulk  is  from  2  to  3i  times  that  of  the  original  lime 
shells.  If  the  water  be  thrown  on  so  rapidly  or  hi  such  quantity  aa 
to  chill  the  lime  or  any  part  of  it,  the  powder  will  be  gritty,  will  con- 
tain many  little  lumps  whkh  refuse  to  slake,  will  also  be  (ess  bulky 
and  less  minutely  divided,  and  therefore  will  be  less  fitted  either  for 
agricultund  or  for  buikling  purposes. 

When  quick-lime  is  left  in  the  open  air,  or  is  covered  over  with  sods  ' 
in  a  shallow  pit^  it  gradually  absorbs  water  from  the  air  and  from  the 
soil,  and  falls,  though  much  more  slowly,  and  with  little  sensible  deve- 
lopment of  heat,  into  a  similar  fine  powder.  In  the  rich  limes  the  in- 
crease of  bulk  may  be  3  or  3i  times;  in  the  poorer,  or  such  as  oontaia 
much  earthy  matter,  it  may  be  less  than  twice. 
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Hydrate  of  Itme.— >Wliea  quick-lime  it  drat  daked  it  emM%u  irilh 
die  water  which  it  added  to  tt,  and  baeomes  CfMivened  into  a  milder  or 
ieaa  caustic  corapoaod,  which  amoog  efaemista  la  known  by  the  name  of 
hydrate  of  Ume.     This  hydrate  consists  of 

Lime    .    •  76  percent.  }  or  one  ton  of  pare  bonied  Ume  becomes 
Water  .    .  24       ^       $         nearly  25  cwt.  of  slaked  Utne. 

100 

It  is  rare,  however,  that  lime  is  ao  pare  or  ao  akilfnUy  and  perfectly 
alaked  as  to  take  np  the  whole  of  tins  proportion  of  water,  or  to  incrsaee 
quite  so  mach  as  pne-fi>nrth  part  in  weight. 

Hydfaie  of  Afa^iusia.— When  calcined  or  cavstic  magnesia  k 
riaked,  it  also  combines  with  water,  but  withoat  becoming  so  sensibly 
hot  as  qvick-lime  does,  and  ftrms  a  hydiate,  which  consists  of 

Magnesia  .  69-7  per  cent.  \  or  one  ton  of  pare  bomed  magnesia  b»- 

Water  .    .  30-0       **        ^  comes  1^  cwt.  of  hydrate. 

100* 

When  magnesian  lime  is  slaked,  the  fine  powder  which  is  obtained 
consists  of  a  mixture  of  these  two  hydrates,  in  proportions  which  depend 
of  coarse  apon  the  composition  of  the  original  lime-stone. 

A.n  important  diflereooe  between  these  two  hydrates  is,  that  the  by* 
drate  of  magnesia  will  harden  under  water  or  in  a  wet  soil  in  aboot  8 
daya-*forming  a  hydraulic  cement.  Hydrate  of  lime  will  not  so 
harden,  but  a  mixture  of  the  two  in  the  pniportwns  in  which  they  exist 
in  the  Hartlepool,  Humblodoo,  and  Ferryhill  Ume-etones  (page  365), 
win  harden  under  water,  and  form  a  solid  mass.  In  the  minute  state 
of  division  in  which  lime  is  applied  to  the  soil,  the  particles,  if  it  be  a 
magnesian  lime,  will,  in  wet  soils,  or  in  the  event  of  rainy  weather 
ensuing  immediately  after  its  application,  become  granular  and  gritty, 
and  cohere  occasionall^r  into  lumps,  on  which  the  air  will  have  little 
affect.  This  property  is  of  ooosiaerable  importance  in  oonnectk>n  with 
tlie/urther  dumieal  changes  which  slaked  hmes  undergo  when  exposed 
to  ^e  air  or  buried  in  the  soil. 

§  3.  Changes  tohich  the  hydrates  of  Ume  and  magnesia  undergo  by 
prolonged  exposure  to  the  air. 

When  the  hydrates  of  Ume  or  magnesia  obtained  by  slaking  are  ex« 
posed  to  the  open  air,  they  gradually  absorb  carbonic  acid  from  the  at- 
mosphere, and  tend  to  return  to  the  state  of  carbonate  in  which  they  ex- 
isted previous  to  burning.  By  mere  exposure  to  the  air,  however,  they 
do  not  attain  to  this  state  within  any  assignable  time.  In  some  walls 
600  years  old,  the  lime  has  been  found  to  have  absorbed  only  one-fourth 
of  the  carbonic  acid  necessary  to  convert  the  whole  into  carbonate ;  in 
others,  built  by  the  Romans  1800  years  ago,  the  proportion  absorbed 
has  not  exceeded  three-fourths  c^  the  quantity  contained  in  natural  lime- 
^atones.  In  damp  situations  the  absorption  of  carbonic  acid  proceeds 
most  slowly, 

l^.  Change  undergone  by  pure  Ume  during  spontaneous  daking,»^ 
In  consequence,  however,  of  the  strong  tendency  of  caustic  lime  to  ab* 
sorb  carbonic  acid,  a  considerabls  quantity  of  the  hydrate  of  lime  first 


fimncd,  jdoring  ApootaiMoiis  Making,  beooiiie$  changed  iolo  eftttNUMOe 

duriog  the  dakldg  of  the  raat.    But^  when  it  baa  all  icdnipletely  IkUoa* 

'iha  Fa{Mdiiy  (^  tba  abaol'pCiOD  oeasaa»  and  ibe  fiae  slaked  lime  conaiota  df 

Carbonaie  of  liciaa     ••••«.:.    57*4 

Hydrate  oflime^SL;    ;  ,;    ^i^j     42-6 

^  100 

-jor^  a  ton  of  Hikia,  lalt  id  4e  o^^  air  till  it  baa  completely  falleii  to 
powder,  oontatoa  ab<iot  8^  ewt«  la  ite  state  of  b^fdmte.  If  left  tb  slake 
10  large  heaps,  the  lime  in  the  iotsrior  of  tbiase  bsafM  will  oot  abeorb  ao 
aQucb  carbonic  and  till  after  the  la^Ji^  of  a  very  eoostderabte  tima. 
^iMre  caustfc  lime  (bydrate^  aia6  will  be  pieseot  if  it  be  left  to  slake«  aa 
IS  often  done  for  agricultural  piirpasesii  inaballow  pits  covered  with  aods» 
•to  defend  il  friMB  tfai  air  f  lid  the^  rains. 

After  the  litne  has  attained  the  state  above  describedt  and  which  is  a 
cbemical  compound*  of  carbonate  with  hydrate  of  lime,  the  further  ab- 
sorption of  carbonate  acid  from  the  air  proceeds  very  slowly,  and  is  only 
•completely  eflbcted  after  a  very  long  period; 

:  2°:  Wh4n  alaked  ta  the  ^rdtnary  wmy  lime  falls  to  powder,  witboart 
bavins  absorbed  any  notable  quantity  of  cariiooic  acid.  Numen)iia 
sniall  lunkps  also  refaviin,  which,  thovgh  covered  #ith  a  coating  of  hy- 
drate, hdv^  not  tbenf»elvea  absoihad  any  wa(&.  The  abaorption  of 
carbooie  ticid  by  Ibia  slaked  lime  ja  al  first  very  rapid,— «o  that  wheta 
the  full  bftect  of  caustic  time  npbn  the  soil  isYeqaired,  it  ought  to  bb 
ploughed  in  as  early  la  poeaibleV;— hat  it  gteddally  becomes  more  abw, 
a  variable  proportion  of  the  compoaod  of  carbonate  and  hydMae  above 
dest^ribtid  is  formed,  and  even  when  thinly  seattered  over  a  grlMs-field/ 
an  entire  year  knay  pass  over' without  efiecting  thA  complete  conveisiaa 
of  the  iwhole  into  .carbonate. 

S?*  Cdlehnd  er  fram^  SiagiMna,  whdther  in  the  pure  state  or  mlzad 
trith  qnick-ltme,  as  in  the  magnesiail  lioies^  abSorbe  carbonic  acid  mme 
;alowly*-add  by  nters  exposare  tti  tbb  ifir  will  priahably  never  return  to 
its  original  condition  of  carbonate. 

When  allowed  to  slake  spontaneously,  three-fourths  of  it  become 
uttimaiely  changed  into  carbonate,  and  form  a  compound  of  hydinta 
and  carbonate  which  is  identified  with  the  common  uocalcined  magne- 
sia of  the  shops.    This  compoundf  consists  of 

Carbonate  of  magnesia 69*37 

Hydrate  of  magnesia  .    .    . 16'0.3 

wa:ter     .    ., 14-.e0 

100 
.and  it  pndergoes  no  ftirther  change  by.cootinned  exposure  to  the  tfir. 
But  if  slaked  by  the  diz^t  application  of  water,  magnesia,  like  lima, 

*  TMecfHhpoiHid  eonslftiof oo«  atomof cArbonste  of  nme  (Ca  O  4*  CX>i)  qombhied  wllb 
one  of  hydrate  (Ca  O  +  HO,)  end  \m  rspreMoted  shortly  by  6a  C  +  Ca  H— in  which  Cb 
^tonoiM  ealekim  (Lee.  IX.,  f  4,)  Oa  O  or  6a  oxide  of  ealcinm  or  lime,  COt  sr  6' 
attU  cL«e.  Ill,  m>aad  B  O  of  H  wsferXLM.  B.  16.) 

t  It  to  npMaeatod- by  Um  IbnMla  t  (1%  <^ -f  lb -f  Mf  4. 
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faraoM  a  hydrate  only,  without  ahsorhiog  aoy  seosible  quanttty  of  cif- 
booic  acid.  The  hydrate  thus  produced  is  met  with  in  the  iorm  of 
miDoral  deposits  oo  various  parts  of  the  earth*8  surfoce,  aud  this  aiinerai 
is  not  known  to  undergo  any  change  or  to  absorb  carbonit  acid  thou^ 
exposed  for  a  great  length  of  time  to  the  air.  When  magoesian  liooM 
are  slaked  by  water,  therefore,  the  magnesia  they  contain  may  remain 
in  whole  or  m  part  in  the  caustic  state  (of  hydrate),  which  win  change 
but  slowly  even  when  exposed  to  the  air.  When  it  is  left  to  sponta- 
neous slaxing,  one-fourth  of  it  at  least  will  always  remain  in  tfaecausiic 
Btate,  however  long  it  may  be  ex()osed  to  the  air. 

Should  a  lime  be  naturally  of  such  a  kind,  or  be  so  mixed  with  the 
ingredients  of  tbe  soil  as  to  form  a  hydraulic  cement  or  an  ordinary 
mortar,  which  will  solidify  when  rains  come  upon  it,  or  wlien  the  natii^ 
ral  moisture  of  the  soil  reaches  it — the  absorption  of  carbonic  acid  will 
in  a  great  measure  cease  as  it  becomes  solid,  and  a  large  proportion  of 
the  lime  will  remain  caustic  for  an  indefinite  period. 

'  .§  4.  Slates  of  chemical  combination  in  which  lime  may  be  applied  14 

the  land. 

There  are,  therefore,  four  distinct  states  of  chemical  combination,  m 
which  pure  lime  may  be  artificially  applied  to  the  land. 

1^.  Quick-lime  or  lime-shelU^  in  which  the  lime  as  it  comes  from  the 
kiln  is  uncombined  either  with  water  or  with  carbonic  acid. 

2°.  Slaked  lime  or  hydrate  of  lime,  in  which  by  the  direct  applieatioli 
of  water  it  has  been  made  to  combine  with  about  one-fouith  of  ifa 
.weight  of  water. 

In  both  these  slates  the  lime  is  caustic^  and  may  be  properly  spoken 
of  as  caustic  lime.  •    ' 

3°.  Spontaneously  slaked  2m«,in  which  one-half  of  tbe  lini'e  is  com- 
bined with  water  and  the  other  half  with  carbonic  acid.  lo'tbisjBtaie 
it  is  only  half  caustic. 

4^.  Carbonate  ofUme — ^the  state  in  which  it  occurs  in  narike,  and  jto 
which  burned  lime,  after  long  exposure  to  the  air,  more  oir  less^peifeetly 
arrives.  In  this  state  lime  possesses  no  caustic  or  alkaline  (p.  48,  §  5, 
kiote)  properties,  but  is  properly  called  mild  lime. 

5^.  Bi-carbonale  of  lime  may  be  adverted  to  as  a  fifth  state'^of  eona- 
bifiation,  in  which,  as  I  have  previously  explained  to  you  ,(pp«  45H$, 
§  1),  nature  usually  applies  lime  to  the  land.  In  this  state  it  is  combined 
with  a  double  proportion  of  carbonic  acid,  and  is  to  a  ceitaOA  extent* 
readily  soluble  in  water.  Hence,  springs  are  oflen  imprej^ncifed  with 
it.  and  the  waters  that  gush  from  fissures  in  the  lime-stone  toc)(s  spmim 
it  through  the  soil  in  their  neighbourhood,  and  sweeten  the  land-  , 

1  shall  hereafter  speak  of  these  several  states*  under  the 'names  qf 
mitdlr-lime,  hydrate  of  lime,  spontaneous! jr  slaked  lime,  carbonate  of 
lime,  and  Bi-carbonate  of  lime.  By  adhering  to  these  strictly  correct 
nanies,  we  shall  avoid  some  of  that  confusion  into  which  those  whb 
have  hitherto  treated  of  the  use  of  lime  as  a  manure  have  unavoidably 
fallen.  The  term  mild,  you  will  understand,  applies  only  to  tEiat  whica 
is  entirely  in  the  state  of  c<zr^na^«.  .  .»a    > 

Magnesia,  in  the  magnesian  limes,  may  in  like  manner  be  either  in 
tbe  state  oCaalcined  magnesia,  o(  hydrate  of  magnesia,  of  spontaneomdy 
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daked^-'fDeBMimffhj  this  the  compound  of  hydrate  with  carbonate-^-of 
carbonaie,  or  of  Bi-car6oiiate  o^  fita^TiertO)  the  latter  of  which  is  so- 
luble in  water  to  a  very  considerable  extent  ^It  dissolves  in  48  times 
its  weight  of  water — or  a  gallon  of  water  will  dissolve  5  ounces  of 
the  Bi-«azbonate  containing  1}  ounces  of  magnesia.) 

^5,  Cfthe  variotit  natural  forms  in  which  carbonate  of  lime  is 
applied  to  the  land. 

In  the  unbumed  or  natural  state,  lime  is  met  with  on  the  earth's 
surface  in  numerous  forms — ^in  many  of  which  it  can  be  applied 
largely,  easily,  and  with  economy  to  the  land. 

1^.  AfarZ.--Of  these  forms  that  of  marl  occurs  most  abundantlvy 
and  is  most  extensively  used  in  ahnoet  every  country  of  Europe.  By 
the  term  marL  is  understood,  as  I  explained  to  you^  when  treating  of 
soUs  (Lee  XL,  §  3 J  an  earthy  mixture,  which  contains  carbonate  of 
lime^  and  effervesces  more  or  less  sensibly  when  an  acid  (vinegar  or 
diluted  muriatic  acid — spirit  of  salt)  is  poured  upon  it  Generally, 
also,  the  tenacious  maris,  when  introduced  into  water,  lose  thetr  co- 
herence, and  ffTctdually  fall  to  powder.  This  test  is  oflen  employed 
to  distin^^sh  Detween  marl^  and  other  clays,  yet  the  falling  asunaer, 
though  It  afford  a  presumption;  is  not  an  imatlible  proof  that  the  sul>- 
stance  tried  is  ready  a  marl 

Marls  areof  various  colors,  white,  grey,  yellow,  blue,  and  of  various 
degrees  of  coherence,  some  occurring  in  the  form  of  a  more  or  less  fine, 
loose,  sandv  powder,  others  being  tenacious  and  clayey,  and  others 
again,  hard  and  stony.  These  differences  arise  in  part  from  the  kind 
and  proportion  of  the  earthy  matters  they  contain,  and  in  part,  also,  from 
the  nature  of  the  locality,  moist  or  dry,  m  which  they  are  found.  The 
hard  and  stony  varieties  are  usually  laid  upon  the  land,  and  exposed  to 
the  pulverising  influence  of  a  winter's  frost  before  they  are  either  spread 
over  the  pasture  or  ploughed  into  the  arable  land.  Some  rich  marb 
consist  in  part  or  in  whole  of  broken  and  c(»nminuted  shells,  which 
clearly  indicate  the  source  of  the  calcareous  matter  they  contain. 

OOXPOSITtOlV  OF  MARLS  FKAM 
Lartbwf.    0«uibr«ck.    Maiptebarg.  Brtsnawick.  Vftmrnmnh,  Wliwwitt, 
fotedery.      thiny.        ckxyey.        ioomy.      y^todtry,       atamf, 

auarts-Smid  &  SiUsa..    5-6  3i*0  5d-4  73*4  78^  7tl 

Alumina 0*4  100  8*4  1-9  31  4-0 

Oxides  of  Iron 4^  19  G7  32  38  6-5 

Do.  of  Magnesia trace  trace  03  0-3  0*3           1*1 

Carbonate  of  Lime ....  86-5  350  18-3  18 1  8-3  13  3 

Do.  of  Magnesia 1*25  0*9  3  8  15  3-0  2*6 

Sulphuret  of  Iron —  7*3  —  —  -~  — 

^tJi'^^^Uir:}    005       •"«•         »■«  08  0-9  OS 

Common  Salt 0-03       traoe        traoe        trace       01        traoe 

Gvpsum 0-06        0*9  3*1  0*1  0-5       iraos 

^5^rs;?hj:^'..(  M    ^    0*    07    '^    '* 

Nitrate  of  lime. 001         —  —  —  —  — 


Organic  Matter 0-6        20-5  —  _  —  ~ 

'm      100      100      100      100       100 


ONUKB  BFFB0T8  0»  M»rSimrr  MABUi.  .  371 

The  characteristic  property  of  troe  marie  of  every  variety  i«,  I  hare 
said,  the  presence  of  a  considerable  per  centage  of  carbonate  of  lime  in 
the  state  of  a  fine  powderj  and,  in  general,  ditfused  uniformly  through 
the  entire  mass.  To  this  calcareous  matter  the  chief  efficacy  of  th^se 
marls  is  no  doubt  to  be  ascribed,  yet  as  they  alwavs  contain  other  chem- 
ical compounds  to  which  the  special  efficacy  of  certain  varieties  has 
sometimes  been  ascribed,  it  mav  not  be  improper  to  direct  your  attentioa 
to  the  preceding  table,  in  which  the  constitution  of  several  marls,  from 
difierent  localities,  is  represented,  afler  the  analyses  ot  Sprengel. 

Several  reflections  will  occur  to  yoa  oo  looking  at  these  tables — such 
as, 

fTr^—that  marls  differ  very  much  in  compositioh,  and  therefore 
must  differ  very  much  also  in  the  effects  which  tney  are  cajpable  of  pro- 
ducing when  applied  in  the  same  quantity  to  the  same  kmds  of  land. 

Second — that,  among  other  differences,  the  proportion  of  carbonate 
of  lime  is  very  unlike — in  some  varieties  amountmg  to  85  lbs.  out  of 
eVery  hundreo,  while  in  others  as  little  as  5  lbs.  are  present  in  the  same 
weight  You  will  understand,  therefore,  how  very  different  the  quaiH 
tity  applied  to  the  land  must  be,  if  these  several  varieties  are  to  produce 
an  equal  liming  or  to  add  equal  quantities  of  lime  to  the  soiL  You 
will  see  that  each  of  tliree  persons  may  be  adopting  the  best  practice 
with  his  own  marl—though  the  one  add  only  12  to  20  tons  per  acre, 
while  the  second  adds  50  to  60,  and  the  third  100  to  120  tons. 

Third — that  the  proportion  of  phosphate  of  lime  (bone-earth)  is  in 
some  marls  considerably  greater  ^an  m  others.  Thus  with  every  ton 
of  the  first  of  the  above  marls  you  would  lay  on  the  soil  52  lbs.  of  bone 
earth — about  as  much  as  is  contained  in  a  cwt  of  bone  dust — ^while 
with  the  second  you  would  only  add  11  lbs.  In  so  far  as  their  effects 
upon  the  land  depend,  or  are  influenced  by  the  presence  of  this  sub- 
stance, therefore,  they  must  also  be  very  different    And, 

Fourth — that  the  mechanical  effects  of  these  marls  upon  the  soil  to 
which  they  are  added  must  be  very  unlike,  since  some  contain  70  or 
80  lbs.  of  sand  in  every  hundred — ^while  others  contain  a  considerable 
quantify  of  cla^.  Tlie  opening  effects  t>f  the  one  marl,  and  the  stifle 
ening  effects  of^  the  other,  when  they  are  laid  on  in  large  quantities, 
cannot  fail  to  produce  very  different  alterations  in  the  physical  cha- 
racters of  the  soil. 

2^.  Shell  Sand,— The  sands  that  skirt  the  shores  of  the  sea  are 
(bund  in  many  localities  to  be  composed,  in  large  proportion,  of  the 
fragments  of  broken  and  comminuted  shells.  These  form  a  calcare- 
ous sand,  mixed  occasionally  with  portions  of  animal  matter,  ancL 
when  taken  iVesh  from  the  sea-shore^  with  some  saline  matter  derived 
from  the  sea. 

Such  is  the  case  in  many  places  on  the  coast  of  Cornwall  From 
these  spots  the  sand  is  transported  to  a  distance  of  many  miles  into 
the  interior  for  the  purpose  of  being  laid  upon  the  land.  It  has  been 
estimated  (De  la  Beche's  Geological  JReport  on  Cornwall  fc.,  p.  480) 
that  seven  millions  of  cubic  feet  are  at  present  employed  every  yeac 
in  that  county  for  this  puipose. 

On  the  western  coast  of  Scotland  also,  and  on  the  shores  of  the  island' 
of  Arraa  and  of  the  Western  Isles,  tine  shell  sand  abounds,  and  ift 
1«* 
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applied  extenslv^ely,  and  with  remarkably  beneficial  eff5ct8,both  to  the 
pasture  lands  and  to  the  peaty  soiU  that  cover  so  large  an  area  in  this 
remote  part  of  Scotland.  It  is  ehieflv  along  the  coasts  that  it  has  hiUi* 
ertb  been  extensively  employed,  and  it  is  transported  by  sea  to  a  dis- 
tance of  SO  or  100  miles.  <'  In  the  island  of  Barray  alone,  there  are  (bur 
square  miles  of  shelllB  and  shell  sand  of  the  finest  quality  and  of  an 
indefinite  depth"  (Macdonald's  AgrictfUurai  Survey  of  the  Hebrides 
p.  401.)  When  covert  with  a  dressing  of  this  shell  sand  thh  peaty 
surface  becomes  covered  with  a  sward  of  delicate  grass — and  the 
border  of  green  herbage  that  skirts  the  shores  of  these  islands  in  so 
many  places  is  to  be  ascribed  either  io  the  artificial  applications  of 
such  dressinff  or  to  the  natural  action  of  the  sea  winds  in  strewing 
-the  fine  sand  over  them,  when  seasons  of  storm  occur. 

The  coast  of  Ireland  js  no  less  rich  in  such  sand  in  many  \vajts  both 
of  its  northern  and  southern  coasts.  A  century  and  a  half  ago,  it  is 
known  to  have  been  used  for  agricultural  purposes  in  the  north  of  Ire- 
land— and  nearly  as  long  ago  to  have  been  brought  over  to  the  oppo- 
site (Galloway)  coast  of  Scotland  with  a  view  pfbeing  applied  to  the 
land  (Macdonald.)  In  the  south,  according  to  Mrs.  Hall,  (Mrs.  HalPs 
Ireland^)  the  coral  sand  raised  in  Bantry  Bay  alone  produces  £4000 
or  £5000  a-year  to  Uie  boatmen  Who  procure  it  and  to  the  peas^ants 
who  convey  it  op  the  country. 

On  the  coast  of  France,  and  especially  in  Brittany,  opposite  to  Corn- 
wall, on  the  other  side  of  the  English  channel,  it  is  oo&ined  in  large 
quantity,  and  is  in  great  demai^d  j^riiyen  and  Boussingault,  Annates  de 
Chitn,  et  de  Phys.^  third  ^ertet ,  iii.,  p.  92. )•  It  is  applied  to  the  clay  soils 
and  to  marshy  grass  lands  with  much  advantage,  and  is  carried  far 
Inland  for  this  purpose.  It  is  there  caUed  trez^  and  is  laid  on  the  land  at 
•  the  rate  of  10  to  15  tons  per  acre.  On  the  sou  diem  coasts  of  France, 
-where  shell  sand  is  met  with,  it  is  known  by  the  name  of  tanque  or 
tcengue,  .  • 

The  shell  sand  of  Cornwall  contains  from  40  to  70  per  cent  of  car- 
bonate of  lime,  with  an  equaHy  variable  small  admixture  of  animal 
-matter  and  of  sea  salt  The  rest  is  chiefly  siliceous  sand.  Other  va- 
rieties have  a  simikur  composition.  Two  specimens  of  ton^t^  from  the 
-soutfi  of  France,  analysed  hj  Vitalis,  and  one  of  shell  sand  from  the 
island  of  Isla,  pakially  exammed  by  myself,  consisted  of 

Tunztie  frmh'the  Shefl  Htnd 

S4iiih<if  Fmnee.  from  Us. 

Sand,  chiefly  siliceous. ; 20-3    40        "k  j^m  ^   ^^ 

Alumina  and  Oxide  of  Iron 4*6      4*6     \ 

Carbonate  of  Lime 660    47.5        23    to  ai 

Phosphate  of  Lime ?  ?  0-3 

Water,  and  loss 9*1      7-9  ~ 

100  100  100 
3^.  Ckftal  9and  vs.  similar  in  its  nature  to  the  shell  sand  with  which 
:it  is  oflen  ifitermi^ed  qn  the  ]pear9hai«.  It  is  collected  in  considerable 
quantities,  however,  by  the  aid  of  the  drag^being  torn  up^by  the  fisb- 
ermen  in  a  living  state — on  the  coasts  m  Ireland  (Bantry  Bay  and 
elsewhere. )  and  on  thp  Q^^t^es  of  Brittany,  espeoially  near  the  mouths  of 
the  rivers.  In  this  i\«sh  state  it  is  preferred'Oy  the  farmer,  probably  b^ 
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caoae  it  contaiDS  both  more  saline  and  more  auimal  matter.  This  ^i- 
luai  matter  enables  it  to  uoite  in  some  measure  the  bjencii^ial  effecta 
which  £ilIow  fVom  the  application  ot*  marl  and  of  a  saijiU  dressing  of 
ihrm-yanl  or  other  valuable  mixed  manure.  'I 

Pay  en  and  Boussingault  ascribe  the  principal  efficacy  of  die  shell 
and  coral  sauds  to  the  small  quantity  of  animal  matter  which  i^  present 
in  them.  These  chemists  estimate  the  relative  manuring  powers  iSt 
dilferetii  sabstatx:es  applied  to  the  land  by  the  quantiieies  ot  nitratgea 
.which  they  severally  contain,  and  thus,  compared  with'  fairm-yard 
manure,  attribute  to  the  shell  and  coral  sands  the  follow rpg  relative 
values:— 

Contain  of  Relative 

Nitrogen.  Vvtve. 

100  lbs.  of  Farm*yard  Manure    .     .     ..   0-40    lbs.  100 

do.      of  Coral  Sand  (Merl)      .     .     .     0-512  lbs.  128 

do.      of  Shell  Sand  {Trez)      .     .     .     0*13    lbs.     .  ••  38|* 

That  is  to  say,  that,  in  so  far  as  the  action  of  these  substaOces  is  de^ 
pendent  upon  the  nitrogen  they  contain,  fresh  coral  sand  is  nearly  one* 
third  more  valuable  than  farm-yard  manure,  while  fresh  i^ell  sand  ia 
only  equal  in  virtue  to  one-third  of  its  weight  of  the  same 'subsi ance. 

Though,  as  I  have  already  had  frequent  occasion  to  observe^to  you, 
much  weight  is  not  to  be  attnchcd  to  such  methods  pfesti milting  the  re- 
lative values  of  manuring  substances  by  the  proportions- of  any  one  of 
the  ingredients  they  happen  to  contain— yet  the  fact,  that  so  m\ich  ani- 
mal matter  is  occasionally  present  in  the  living  corals^  accounts  in  a 
satisfactory  manner  for  the  immediate  efferfs  of  this  fo^^n'-oF  calcareotia 
application.  This  animal  matter  acts  directly  and  during  the  ^rst  year; 
the  carbonate  of  lime  begins  to  show  its  bonetiuiol  infhiedce  most  dia- 
tincily  when  two  or  three  years  have  passed.  » 

4°.  Lime-stone  Sand  and  Gravel. — In  cotmtries  wittcft  abound  in 
limc-siones,  there  are  found  scattered  hero  and  there,  in*the  hollows  and 
on  the  liill-sides,  banks  and  heaps  of  sand  and  ji^ravel,  in  which  rounded 
particles  of  lime-stone  abound.  These  are  distinguished. by  ith^  names 
of  lime-stone  sand  and  gravel,  and  are  derived  fronj  the  decay -Or  wear- 
ing down  of  the  limc-sione  and  other  rocks  by  the'  actior(  rf-  water. 
Such  accumulations  are  frequent  in  Ireland.  They  are  mdeed  exteiH 
aively  diffused  over  the  surface  of  that  island,  as  we  might  tjJfpect  in  h 
country  abounding  so  much  in  rocks  of  mountain  limerstone^  'fn  tbe 
neighl)Ourbood  of  peat  bogs  these  sands  and  gravels  are  a Teafl'-Messing. 
They  are  a  ready,  most  useful,  and  largely  employed  vncetm  of  im- 
provement, producing,  upon  arable  land,  the  ordinary  6flbctroPlimiiif« 
and,  when  spread  upon  bogjg:y  soils,  alone  enabling  h  ■f&  gfrow  sweat 
herbaae  and  to  alford  a  nourishing  pasture.  The  prepqrtioojpf  carbon- 
ate of  lime  tliese  sands  and  i^ravcls  contain  is  very  variable.  I  have 
examined  two  varieties  from  Kiltinane,  in  the  county  of  Cork  (?).  The 
one,  a  yellow  sand,  contained  26  per  cent,  of  carbona'ffe  brUrff^M— the  ra- 
aidue,  being  a  fine  red  sand,  cliiefly  siliceous  ;  the  Hther;  S'f\^  gravel 
of  a  grey  colour,  contained  40  per  cent,  of  oarboiiawllof'llVAo  in'tbe 
form  chiefly  of  rounded  fragments  of  blue  riine-sto/l€,  ttie  i^dSdab  coa- 
aiating  of  fragments  of  sand-stone,  of  quartz,   and  of'j^Yaliire^' 
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The  application  of  such  mixtures  must  not  only  improve  the  ph3rii« 
cal  characters  of  the  soiU  but  the  presence  of  the  fragments  of  graoke« 
containing  undecomposed  felspar  and  mica  (Lee.  XI  i.,  §  1),  must  con- 
tribute materially  to  aid  the  fertilizing  action  of  the  lime-stone  with 
which  they  are  mixed. 

5°.  Cntsked  Zitiii«-5tonc.— The  good  eflects  of  calcareous  marls  ajid 
of  lime -stone  gravels  naturally  sugj^t  the  crashing  of  iime-stones  as  a 
means  of  obtaining  carbonate  of  lime  in  so  minute  a  state  of  division 
that  it  may  be  usefully  applied  to  the  soil.  Lord  Karnes  was,  I  be- 
lieve, the  first  who  in  this  country  endeavoured  to  bring  iliis  suggestion 
into  practical  operation.  He  is  said  to  have  caused  machinery  to 
be  erected  for  the  purpose  in  one  of  the  remotest  districts  of  Scotland, 
but  from  some  cause  the  plxin  seems  never  to  Iiave  obtained  a  proper 
trial. 

One  of  the  results  which,  as  we  have  already  seen,  follows  from  the 
burning  of  rich  lime  is  this,  that  it  naturally  falls  to  a  very  fine  powder 
AS  it  slakes.  Where  coal  or  other  combustible  is  cheap,  therefore,  it 
jnay  poesibty  be  reduced  to  a  fine  powder  by  burning,  at  a  less»cost 
than  it  couldf  be  crushed. 

Yet  there  are  two  cases  or  conditions  in  which  crushing  might  be  re- 
sorted to  with  equal  advantage  and  economy  : 

.  First,  where  coal  is  dear  or  remote,  while  lime-stones  and  watet 
power  are  abundant.  There  are  many  inland  disiricts  in  each  of  iIm 
jhree  kingdoms  where  these  conditions  exist,  and  in  which,  tlierefore, 
/lie  erection  of  cheap  machinery  might  aSbrd  the  means  of  greatly  fer- 
Jtjlizing  the  land  ;  and, 

..Seconds  there  are  in  many  localities  rocks  rich  in  calcareous  mai- 
ter^which  are  nevertheless  so  impure,  or  contain  so  much  other  earthy 
matter,  that  they  cannot  be  burned  into  lime.  Yet,  if  cruslied,  these 
i^ame  masses  of  rock  would  form  a  valuable  dressing  tbr  the  land. 
'Many  lime-stones  of  this  impure  character,  which  are  really  useless  ft>r 
Juiilding  purposes— which  do  not  fall  to  powder  when  burned,  and 
jvliich  nave,  therefore,  been  hitlierto  neglected  as  useless — might,  by 
crushing,  be  made  extensively  available  fur  agricultural  plirposes.  The 
siiicepus  lime-stones  (corb-stones)  of  ihe  old  tca\  sand-stone,  the  earthy 
»6ed4of  the  mountain  lime-stone,  and  many  of  the  calcareous  strata  of 
^he  Silurian  system  might  thus  bo  made  to  impmve  more  extensively 
^the  localities  in  which  they  are  severally  met  with.  The  richer  limes 
,Qow .  brought  from  a  great  distance,  and  at  much  expense — as  on  the 
Scottish  borders— might  be  in  a  great  measure  su|}erseded  by  the  native 
produce  of  the  district. 

'-'    §  6.  Effeel$  of  marl  and  of  the  coral,  shdl,  and  limt-Btone  $and9y 
upon  the  wil* 

^,.  The  eflects  which  result  from  the*  application  of  the  above  natural 
Ibpns  of  carbonate  of  lime  are  of  two  kinds. 

1^.  'Th&iT  physical  effect  in  altering  the  natural  texture  of  the  soils  to 
'\yliich  they  are  added.     This  effect  will  necessarily  vary  with  the  wkr  . 
in  re  of  the  earthy  matter  associated  with  the  lime.     Thus  the  clay, 
marls  will  improve,  by  stiffening,  such  soils  as  are  light  and  sandy^-  * 
the  shell  saods  aad  llme-stqne  gravek,  by  opening  and  rsoderingmofn 
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fbee  and  easier  worked  such  soils  as  are  stiff,  intractable,  and  more  or 
leas  irhpervious-^while  either  will  impart  solidity  and  substance  to 
SDch  as  are  of  a  peaty  nature  or  over-bound  with  other  forms  of  vege- 
table matter. 

2°.  Their  ehemieal  eflfect  in  actually  rendering  the  soil  prodnctive  of 
larger  crops.  This  effect  is  altogether  iodependent  of  any  alteration  in 
the  physical  properties  of  the  soil,  and  is  nearly  tlie  same  in  kind,  what- 
ever be  the  variety  of  marl,  Ac,  we  apply.  It  differs  in  degree,  chiefly 
according  to  the  proportion  of  calcareous  matter  which  each  varie^r 
contains.  This  action  of  the  pure  carbonate  of  lime  they'contain  is 
supposed  to  be  modified  in  some  cases  by  the  proportion  of  phosphate  of 
lime,  &c.  (p.  370,)  with  which  it  maybe  mixed — it  is  certainly  modified 
by  the  animal  and  saline  matters  wnich  are  present  in  the  recent  cor- 
als and  shell  sands.  ^ 

The  several  effects  of  marls  and  calcareous  sands  being  dependent 
upon  circumstances  so  different,  it  is  not  surprising  that  the  opinions  of 
practical  men  should,  io  former  times,  have  been  divided  in  regard  to 
the  action  of  this  or  that  marl  upon  their  respective  soils.  In  no  two 
localities  was  the  substance  applied  to  the  land  exactly  alilce,  and 
hence  unlike  results  must  necessarily  have  followed,  and  disappoint- 
ment been  occasionally  experienced  from  their  use.  And  yet  the  im- 
portance of  rightly  understanding  the  kind  and  degree  of  effect  which 
these  manuring  substances  ought  to  produce  may  be  estimated  from 
the  fact,  that  a  larger  surface  of  the  cropped  land  in  Europe  is  improved 
by  ihe  assistance  of  calcareous  marls  and  sands— than  by  the  aid  of 
burned  lime  and  farm-yard  manure  put  together. 

It  is  not  easy  in  any  case  to  estimate  with  precision  what  portion  of 
the  effect  caused  by  a  given  marl  is  due  to  its  chemical  and  what  to  its 
physical  action.  Even  the  pure  limes,  when  applied  in  large  "doses, 
produce  a  change  in  the  texture  of  the  soil,  which  on  stiff  lanas  is  ben- 
effcial,  and  on  light  or  sandy  fields  oflen  injurious.  In  all  cases,  there- 
fore, the  action  of  lime  applied  in  any  form  may  be  considered  as  part- 
ly physical  and  partly  chemical — the  extent  of  the  chemical  action  in 
general  increasing  with  the  pro|)ortion  of  lime  which  the  kind  of  cal- 
careous matter  employed  is  known  to  contain. 

The  observed  effects  of  marls  and  shell  sands,  in  so  far  as  they  ara 
chemical,  are  very  analogous  to  those  produced  by  lime  as  it  is  gener* 
ally  api)lied  in  the  quick  or  slaked  state  in  so  many  parts  of  our  islands. 

They  alter  the  nature  and  quality  of  the  grasses  when  applied  to 
pasture — they  cover  even  the  undrained  bog  with  a  short  rich  grass— 
they  extirpate  heath,  and  bent,  and  useless  moss — they  exterminate 
the  weeds  which  infest  the  unlimed  corn  fields— they  increase  the 
quantity  and  enable  the  land  to  grow  abetter  quality  of  com— they  ma- 
nifest a  continued  action  for  many  years  afler  they  have  been  applied- 
like  the  purer  limes  (hey  act  more  energetically  if  aided  by  the  occa- 
sional addition  of  other  manure— and  like  them  they  finally  exhaust* 
a  soil  from  which'the  successive  crops  are  reaped,  without  the  requisite 
return  of  decaying  animal  or  vegetable  matter. 

*  Of  thell  mari  the  nme  qoanllty  mMmmii  sooner  ttum  clay  meri  (KuneS).  lUt  Is 
oiriiiff  ehlefly  to  the  iugw  proportion  of  Ume  eontalnod  tai  the  fenoei^ 
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Bot  to  the«$  and  other  efiects  t  ahall  have  oocaaioD  to  draw  your  at» 
tiention  more  tmrticularly  in  a  subsequent  part  of  the  present  lecture. 

^7.  Cf  the  use  of  chalk  as  a  manure. 

Chalk  is  another  form  of  carbonate  of  Unae  which  occurs  very  ri>Dn- 
danlly  in  nature,  and  whicht  from  its  softness,  has  in  .many  pans  of 
England  been  extensively  appUed  to  the  land  in  an  unburoed  state. 

The  practice  of  chalking  prevails  more  or  less  extensively  in  all 
that  pert  of  England  (Lee.  Al.,  §  8,)  oyer  which  the  chalk  formation 
extends.  It  is  usually  dug  up  frora^  pits  towards  the  close  of  the  au- 
tumn or  beginning  of  winteri  when  full  of  water,  and  laid  upon  the 
land  in  heaps.  During  the  winter*s  frost  the  lumps  of  chalk  fall  to 
pieces,  and  are  readily  spread  over  the  fields  in  spring.  The  quantity' 
laid  on  varies  with  the  quality  of  the  soil  and  of  the  chalk  itself,  and 
with  the  more  or  less  perfect  crumbling  it  undergoes  during  the  season 
of  winter,  and  with  the  purpose  it  is  intended  to  serve.  It  gives  tena- 
city and  closeness  to  gravelly  soils,*  opens  and  imparts  freeness  to  stiff 
clays,  and  adds  firmqess  to  such  as  are  of  a  sandy  nature. 

If  a  physical  improvement  of  this  kind  be  required,  it  is  laid  on  Qt 
the  rate  of  from  400  to  1000  bushels  an  acre.  But  some  chalks  con- 
laia  much  more  clay  than  others,  and  are  employed,  therefore,  in  small- 
er proportions. 

For  the  improvement  of  coarse,  soiir,  marshy  pasture,  it  is  applied  at 
;tbe  rate  of  150  to  250  bushels  an  acre,  and  speedily  brings  up  a  sweet 
and  delicate  herbage.  It  is  also  said  to  root  out  sorrel  from  lands  that 
are  infested  with  tbis  plant. 

These  eOects  are  precisely  such  as  usually  follow  from  the  applica- 
.tion  of  marl,  and,  like  marl,  the  repetition  of  chalk  exhausts  the  Land,  if 
manure  be  not  aflerwards  added  to  it' in  sudicient  noantity. 

But  the  chalking  of  the  Southern  Downs  and  ot  the  Wolds  of  Lin- 
colnshire and  Yorkshire  would  appear  to  difler  in  some  respects  from 
.ordinary  marling.  On  the  thin  soils  immediately  resting  upon  the 
, chalk,  experience  has  shown  that  repeated  dressings  of  chalk  recently 
dug  up,  may  be  applied  with  much  benedt.  To  a  stranger,  also,  it  ap- 
pears sinffular  that  an  admixture  of  that  chalk  which  lies  immediately 
heneath  tnesoil  is  not  productive  of  the  same  advantage.  Even  the 
chalk  of  an  entire  district  is,  in  some  cases,  rejected  by  the  farmer, 
and  he  will  rather  bring  another  variety  from  a  considerable  distance, 
than  incur  the  leSs  ex[>ense  of  laying  on  his  land  that  which  is  met 
with  on  his  own  or  on  his  neighbors*  farms.  Thus  the  Sufiblk  farmers 
prefer  the  chalk  of  Kent  to  lav  on  their  lands,  and  ace  at  the  cost  of 
bringing  it  across  the  estuary  of  the  Thames,  though  chalk  rocks  lie  al- 
most everywhere  around  and  bepeath  them. 

The  cause  of  the  diversities  which  thus  present  themselves  in  the 
practice  of  experienced  agriculturists,  partly  at  least,  is  to  be  sought  for 
in  the  qualities  of  the  different  varieties  of  chalk  employed.  Carefal 
analyses  have  not  yet  shown  in  what  respects  these  chalks  differ  in  che- 
mical constitution,  and  until  this  is  ascertained  we  must  remain  in 

*  Ifr.  Oawl«r,  North  fiamniUre,  tUlw  Utat  a  grftvel  that  itUEeoed^  loitMd  oT  ISio  W 
basbola  of  wheat,  >^]dtdiaUrwM4«4M4o^ buiCiel«.-JMtfiilt  Awtefidry,  m».  aSOl 
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some  measure  in  the  dark,  both  as  to  the  way  in  which  a  dmeiog  of 
chalk  acts  in  improving  a  soil  already  rich  iu  chalk,  and  why  chalk 
irora  one  locality  should  act  so  iquch  more  beneficially  than  another. 

-  With  one  thing,  howeveft  we  are  familiar,  that  the  upper  beds  of 
chalk  abound  in  flint,  and  where  they  form  the  surface  support  a  thin 
and  scanty  herba  j;e-«whil6  the  under  chalks  are  more  tenacious  and 
apparently  more  rich  in  clay,  and  support  generally  a  soil  which  yields 
valuable  crops  of  corn.  An  adimxuire  of  the  lower,  therefore,  ought  to 
improve  the  soils  of  the  upper;  and  as  the  chalks  of  Kent  consist  of 
these  lower  beds,  we  can  ttndeiBtand  why  the  practical  farmer  in  Suf- 
folk should  prefer  them  to  the  upper  chalks  of  his  own  neighbourhood. 
Still  we  cannot,  as  yet,  pye  the  scientific  reasons  why  tbe  one  chalk 
should  be  better  than  the  other.  A  rigorous  chemical  analysis  can 
alone  determine  wiih  certainly  why  tbe  one  should  produce  a  diflier-  * 
ent  efiect  from  tbe  other. 

Chalks  may  difier  in  the  proportion  of  clay  or  of  organic  matter  with 
which  they  are  associated— in  the  quantity  of  silica  (the  substance  of 
flints)  or  of  silicates  they  contain,—* in  the  amount  of  magnesia  or  of 
phosphate  of  Ume  which  can  be  detected  in  theai-«or  of  saline  matter 
which  a  careful  examination  will  dbicover,—- and  they  may  even  difler 
physically  in  the  fineness  of  the  ultinAate '  particles  of  which  the  sub- 
stance of  the  chalk  is  com  posed. •  All  such  differences  may  modify 
ihe  action  of  the  several  varieties  in  such  a  way  as,  when  accurately 
investigated,  to  enable  us  to  aecobnt  fhr  the  remarkable  preference 
manifested  by  practical  men  fbr  the  one  o^er  the  other.  Until  such 
an  investigation  has  been  carefully  jxiade«  it  ife  utifair  hastily  to  class 
among  local  prejudices  what  may  prove  to  be  the  results  of  long  prac* 
tical  experience. 

On  the  chalk  Wolds  of  Lincolnshim  and  Yorkshire  the  practice  of 
chalking  even  the  thin  soiU  is  now  comparatively  old  in  date.  Tha 
lowest  chalks  are  there  also  much  preferred, — they  are  laij  on  at  tho 
rate  of  60  to  80  cubic  yards  per  acre,  and  they  cause  a  great  improve- 
ment, especially  upon  the  deep  land*,  as  Yhby  are  called,  where  tha 
soil  is  deepest.  Corn  does  not  yield- so  well,. nor  ripen  so  early,  on 
these  deep  soils,  as  where  a  thinner  covering  re^ts  upon  the  chalk.  It 
is  naturally  also  unfit  for  barley  or  lumips,  the  lauer  plant  being  espe* 
cially  infested  with  the  disease  called  faogem  and  toes  [Brilish  Htux 
bandryt  iii.,  p.  124 1  (Strickland).  But  a  hea^y  chalking  removee  all 
the  above  defecu  of  these  deep  soils,  atad  fi>r  a;  long  period  of  time. 
The  corn  ripens  sooner,  is  larger  in  quantity,  and  better  in  quality, 
and  the  turnips  grow  perfectly  free  from  disease. 

These,  however,  are  to  be  regarded  as  only  the  usual  effects  of  a  larga 
addition  of  lime  to  a  soil  in  which  previously  little  existed.  It  is  a 
fact  which  will  naturally  strike  you  as  remarkable,  that  soils  which  rest 
upon  chalk,  as  well  as  upon  Oth^r  lime-stone  rocks,  even  at  the  depth 
Ota  few  inches  only,  are  oflen,  and  especially  when  in  a  state  of  naturei 

'  SI)  destitute  of  lime  that  not  a  particle  can  be  detected  in  them.    Thai 
^ime  in  any  form  should  benefit  such  soils  is  consistent  with  uniform 

'  Etireoberi  ba«  dttcorered  thai  chalk  Ulna  great  measure  oompoaod  of  the  tkeIalOB% 
■belbi  or  other  eftavtei  (epoUa)  of  aiitiiie  aUoroKopie  aaiaalft 
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experience.  I  shall  presently  have  an  oppor? unity  of  directing  your 
attention  to  the  two  ooDcurring  causes  hy  the  joint  operation  of  wnich 
lime  is  sooner  or  later  wholly  removed  from  the  scnl,  even  where,  as  in 
the  Wolds,  it  tests  immediately  upon  the  chalk. 

§  8.  is  lime  indiipeiuabU  to  thefertUUy  of  the  mil? 

It  is  the  result  of  universal  experience  wherever  agriculture  has  been 
advanced  to  the  state  of  an  an,  toat  the  presence  of  lime  is  useful  to 
the  soil. 

Not  only  is  this  fact  deduced  from  the  result  of  innumerable  applica- 
tions of  this  substance  to  lands  of  every  quality,  but  it  is  established 
also  by  a  consideration  of  the  known  chemical  coostifution  of  soils 
which  are  naturally  possessed  of  nnlike  degrees  of  fertility. 

Thus  sandy  or  siliceous  soils  are  more  or  less  barren  if  lime  be  ab- 
sent— while  the  addition  of  this  substance  in  tlie  form  of  marl  or  other- 
wise renders  them  susceptible  of  cultivation*  So  clay  soils,  in  which 
no  lime  can  be  detected,  are  often  at  once  changed  in  character  by  a 
sufficient  liming.  Felspar  soils  contain  no  lime,  and  they  are  barren— 
and  the  same  is  true  of  such  as  are  derived  immediately  from  the  de- 
gradation of  the  serpentine  rocks. 

Trap  soils,  on  the  other  hand— such  as  are  derived  from  decayed 
bo  sails  or  green-stones— «re  \yooT  in  proportion  as  felspar  abounds  in 
them.  Where  auffites  and  zeolites  are  present  in  large  proportion  in 
the  trap  from  which  they  are  formed,  the  soils  are  rich,  and  may  even 
be  used  as  marl.  The  only  difference  in  this  latter  case  is,  that  lime  is 
not  deficient  (Lee.  XU.,  §  4),— «Dd  to  this  difference  the  greater  fertility 
may  fairly  be  ascribed. 

ffut  let  it  be  conceded  tliat  lime  is  useful  to  or  benefits  the  soil  in 
which  it  exists,  you  may  still  ask-^is  lime  inditptnsabU  to  the  scril  ?— 
is  it  impossible  lor  even  an  average  fertility  to  be  manifested  whero 
lime  is  entyely  absent  ? 

There  are  two  difierent  considerations,  from  each  of  which  we  may 
deduce  a  more  or  less  satisfactory  answer  to  this  question. 

1^.  The  resuk  of  all  the  analyses  hitherto  made  of  soils  naturally 
fen  ile  show  that  lime  is  universally  present.  The  per-cenisge  of  lime 
in  a  soil  may  be  very  small,  yet  it  can  alwavs  be  detected  when  valua- 
ble and  healthy  crops  will  grow  upon  it.    'fhus  the  fertile  soil  of  the 

Marsh  lands  in  Holstein  contains  0*2  per  cent,  of  carbonate  of  lime. 

Sail  marsh  in  East  Friesland        0<6  ••  '• 

Rich  pasture  near  Durham     .       1*31  **  ** 

but  though  the  per  oentage  of  lime  in  these  cases  appeare  f^niall,  the 
absolute  quaniiiy  of  lime  present  in  tlie  land  is  still  large.  Thus  sup- 
pose the  tirst  of  these  soils,  which  contains  the  least,  to  be  only  dx 
inches  in  deptli,  and  each  cnbic  foot  to  weigh  only  80  lbs*.— it  would 
contain  about  3500  lbs.  of  carbonate  of  lime,  upwards  of  a  ton  and  a 
half*  in  every  acre.  And  this  lime  would  be  intimately  mixed  wiih  the 
whole  soil,  in  which  state  it  is  always  most  efiectKC  in  itsoperation.  It 
may  also  be  inferred  with  safety,  that  if  the  upper  six  inches  contained 
this  proportion  of  lime,  the  under  soil  would  probably  be  richer  stilU 
since  lime  tends  not  so  much  to  difiuse  itself  throughi  as  to  sink  down- 
wards into  the  roil. 
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2^.  The  results  of  all  the  chemical  exami nations  hitherto  maife  in 
regard  to  the  nature  of  the  inorganic  raaner  contained  in  the  sap  and 
substance  of  plants  indicate,— if  not  the  absolute  necessity  of  lime  to  the 
growth  of  plants,— at  least  that  in  nature  all  cultivated  plants  do  ab- 
sorb it  by  their  roots  from  the  soil,  and  make  use  of  it  in  some  way  in 
aid  of  their  growth.  In  so  far  as  our  practice  is  concerned,  this  is  very 
much  the  same  as  if  we  could  prove  lime  to  be  absolutely  indispensable. 

The  ash  of  the  leaf  and  bulb  of  the  turnip  or  potatoe,  of  the  grain 
and  suaw  of  our  corn-bearing  plants,  and  of  the  stems  and  seeds  of  our 
grasses,  all  contain  lime  whenever  and  wherever  they  are  grown.  And 
most  of  them  attain  high  health  and  luxuriance  only  where  lime  is 
easily  attained. 

Grant,  then,  that  lime  clears  to  he,  perhaps  virtually  is,  a  necessary 
fixxl  of  plants,  without  which  their  natural  health  cannot  be  maintained, 
nor  functions  discharged,— still  the  quantity  which  must  be  present  in 
the  soil  to  supply  this  fbod  is  not  necessarily  large.  Even  in  favor- 
able circumstances  we  have  seen  (Lee.  X.,  §  3,)  that  the  average  crops 
during  an  entire  rotation  of  four  years  may  not  carry  off  more  than  250 
lbs.  of  lime  from  the  acre  of  land,  a  quantity  which  even  the  marsh 
•oils  of  Holstein  would  be  able  to  supply  fi)r  naif  a  century,  could  the 
roots  readily  make  their  way  into  every  part  of  the  soil. 

Still  we  may  safely  hold,  I  think,  that  this  quantity  of  lime  at  least 
is  indispensable-^if  cultivated  plants  are  to  flourish  and  ripen.  So 
much,  at  least,  must  in  practice  be  every  year  added  to  cultivated  land 
in  one  form  or  another,  where  the  crone  are  in  whole  or  in  part  carried 
ofTthe  land.  Where  it  is  not  added  either  artificially  or  by  some  natu- 
ral process,  infertility  must  gradually  ensue.  We  shall  presently  see 
that  lime  has  other  functions  to  perform  in  the  soil,  and  that  there  are 
natural  causes  in  constant  operation  in  our  climate  which  render  a 
larger  addition  than  this  desirable  at  least,  if  not  indispensable  to  con- 
tinued fertility. 

§  9.  State  of  eomhinalion  in  which  lime  exists  in  the  soit. 

This  lime,  which  we  have  concluded  to  be  an  indispensable  constita- 
eoi  of  fertile  soils,  may  be  present  in  several  distinct  slates  of  combi- 
nation. 

1°.  //I  that  of  chloride  o/'coZciuw.— This  compound,  as  we  have  al- 
ready seen  (Lee.  IX.,  §  4,)  is  very  soluble  in  water,  and  is  not  unfre- 
quently  to  be  detected  in  the  sap,  especially  of  the  roots  of  plants.  Its 
solubiliLy,  however,  exposes  it  to  be  readily  washed  out  of  the  soil  by 
the  rains,  and  perhaps  for  this  reason  it  is  not  one  of  those  forms  of  com- 
bination in  which  lime  is  recognised  as  a  uniform  or  necessary  consti- 
tuent of  the  soil.  Its  presence  may  be  detected  by  boiling  half  a  pound 
of  ihe  soil  in  distillea  water,  filtering  and  evaporating  the  solution  to 
dryness.  If  the  dry  mass  become  moist  on  exposure  to  the  air,  and  if, 
after  beins  dissolved  in  water,  it  give  a  white  precipitate  with  oxalate 
of  ammonia,  and  afler  being  rendered  sour  by  a  few  drops  of  nitric  acid, 
a  white  precipitate  again  with  nitrate  of  silver,  it  may  be  inferred  to 
contain  chloride  of  calcium. 

2^.  In  that  of  suLphaU  of  lime  or  g^ptvm,^-An  this  state  also  it  is  not 
•  constant,  and  in  a  few  cases  only  an  abundant,  constitueiit  of  the  toil. 
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Its  presence  may  be  detect^  by  the  deposition  of  minuie  crystals  on  the 
sides  of  llie  vessel  during  (be  evaporation  of  the  solution  obtained  by 
boiling  the  soil  in  distill^  water.  Or,  iu  presence  may  be  inferred  'd, 
after  observing  that  oxalate  of  ammonia  causes  a  precipitate  in  one 
small  portion  of  the  solution,  it  be  found  that  nitrate  of  baryta  also 
throws  down  a  white  precipitate  from  another  small  portion. 

3^.  In  the  state  of  phospkaU.^^Thin  compound  is  probably  present, 
though  always  in  small  proportion,  in  every  soil  which  is  capable  of 
raising  a  nutritious  vegetation.  It  may  be  readily  detected  by  treating 
600  grains  of  the  dry  soil  for  12  hours  with  dilute  muriatic  acid,  and  oc- 
casionally stirring.  If  to  the  filtered  solution  caustic  ammonia  be  add- 
ed, a  brownish  precipitate  will  usually  fall.  If  this  precipitate  be  se- 
parated, and  treated  with  acetic  acid  (vinegar),  it  will  all  dissolve  if  do 
phosphoric  acid  be  present.  If  this  experiment  be  carefully  performed* 
and  a  residue  remain  undissolved,  the  presence  of  phosphoric  acid  ia 
the  solution,  and  of  phosphate  of  lime  in  tne  soil«  may  be  safely  inferred. 

4°.  In  the  state  of  silicate^  lime  rarely  exists  in  the  soil  in  any  con- 
siderable quaniity.  It  is  chiefly  in  such  as  are  derived  from  the  decay 
of  the  trap  rocks  or  of  som^  varieties  of  granite  (sienite),  that  silicate 
of  lime  is  to  be  expected  to  occur. 

If,  after  being  treated  with  dilute  sulphuric  acid,  as  above  described, 
the  soil  be  digested  for  some  hours  at  a  gentle  heat  wdth  concentrated 
muriatic  acid — a  solution  will  be  obtained  from  which  ammonia  will 
again  throw  down  a  brown  precipitate.  If  oxalate  of  ammonia  now 
cause  a  white  precipitate  of  oxalate  of  lime,  and  if,  on  evaporating  to 
dryness,  the  solution  leave  a  portion  of  silica  insoluble  in  acids,  we  mav 
infer  that  tlie  soil  most  probably  contains  some  lime  in  the  state  of  sili- 
cate. 

5°.  In  the  state  of  carbonate,  lime  is  generally  supposed  most  usually 
to  exist,  and  most  abundantly  in  all  soils.  If  on  ]X)uring  dilute  mun- 
atic  acid  upon  a  soil,  a  visible  eflfervescence  or  escape  of  minute  bubbles 
of  cas  manifest  itself,  or  if,  when  the  experiment  is  made  in  a  tube 
closed  at  one  end,  and  inverted  over  water  or  mercury,  bubbles  of  gaa 
collect  in  the  upper  end  of  the  tube — the  soil  contains  some  carbotiate. 
'If  after  ammonia  has  been  added  to  the  solution,  oxalate  of  ammonia 
throws  down  a  white  precipitate  of  oxalate  of  lime— the  txn\  contains 
carbonate  of  lime. 

6*.  In  the  state  of  humate.^^ln  combination .  with  humic  acid  (Lee 
XIII.,  §  1,)  time  exists  most  frequently  in  soils  which  abound  in  vege- 
table matter — in  peaty  soils,  for  example,  to  which  quick-lime  or  marl 
of  any  kind  has  been  added  for  the  purpose  pf  agricultural  improve- 
ment. The  presence  of  lime  in  the  state  of  humace  is  only  to  be  detect- 
ed by  carefully  determining  the  relative  weights  of  the  carbonic  acid 
given  ofl'during  the  action  of  dilute  murialic  acid  i^pon  the  soil,  and  of 
the  lime  contained  in  the  solution  thus  obtained,  (see  Appendix.)  If  for 
every  100  grains  of  carbonic  acid  there  be  more  than  77'24  grains  of 
lime*  the  remainder  or  excess  has  existed  in  the  soil  incombinatbn  with 
humic  or  some  analogous  organic  acid.* 

*  To  such  analttgoui  acid*  belong  the  eremc  and  apocnnic arida  (Lee  XIII ,  f  I.)  The 
exiatenca  of  iheg«  acida  In  tha  aoil  ia  by  no  meMia  problematical.  According  to  ProfeaMr 
llanBaan,  oi  Moacow,  thejp  Mtat  in  tta«  itoh  black  abU  (Tcbornol  Zam.)  of  Little  Ruaala, 
to  th«  anouat  of  4  par  ceot 
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Few  inTMllgaiioiM  hUve  as  v^  been  made  In  regard  to  die  moportktf 
'ef  lime  which  exists  in  the  soil  in  the  4Cate  of  bumate.  I|  nas  gene- 
rally been  taken  for  grant ed-^itbet  that  a  soil  was  destitute  of  lime  if 
ic  exhibited  no  sensible  efiervescence  with  dilute  muriatic  acid«--or 
when  farther  research  was  made»  and  tbe  quantity  .of  lime  taken  up  liy 
this  acid  rigorously  determined,  that  the  wnole  of  this  lime  must  have 
existed  in  tbe  soil  m  the  stale  of  carbonate.  '  That  this  is  not  necessarily 
the  case,  however,  appear  to  be  proved  by  some  recent  esaminatioos 
of  certain  soils  in  Normaodv,  which  contam  as  much  as  14  to  15  per 
cent,  of  lime,  and  yet  exhibit  no  efiervescence,  and  contain  no  caroo* 
nate.    The  whalt  of  the  Hme  is  said  to  be  in  the  state  of  hum  ate. 

M.  Dubuc,  who  has  published  the  analyses  of  thes^  soils,  attributes 
moch  of  iheit  fertility  to  tbe  presence  of  the  humate  of  lime.  Thus  he 
.lays  that  the  soils  of 

ContainJm  P«r  c«nt. 
Of  Cwboiiiua.    Of  Romate.  Yleldi  of  Wheat 

Lieuvhi,  Neubourg,  and  Sistot,      0  18  lo  20  12  to  15  fold. 

PavilU e  6  •  8tol0   •• 

Bieville i      24  0  6  to  10  •• 

Clay  of  Oucbe 0  1  4  to    6   ** 

The  first,  two  yielding  a  wheat  crop  every  second  year,  the  third  only  at 
\(fnfser  intervals. 

.  Whatever  degme  of  influence  on  the  fertility  of  the  soil  it  may  ap- 
pear proper  to  attribute  to  the  existence  of  Hme  in  the  soil  in  the  state 
of  humate,  it  is  manifestly  of  some  importance  that  its  presence  in  this 

•  state  of  combmation  should  be  more  frequently  and  more  careftilly 
soueht  after. 

The  only  one  of  the  above  compounds  which  is  muaUy  added  to  the 

'  land,  for  the  purpose  of  producing  ^e  ordinary  effects  of  lime,  is  the 
carbonate.    Gypsum  is  applied  oiily  in  small  quantity  for  certain  spe- 

'  eial  purposes,  and  does  not  always  produce  a  sensible  effect.  It  is  in- 
capable, therefore,  of  performing  those  purposes  in  the  soil  which  are 
served  either  by  qnick-lime  or  by  the  carbonate.  The  humate  of  lime 
IS  probably  formed  in  our  lime  comfosU,  especially  when  much  vege- 
table matter  is  contained  in  them,  and  may  thus  fte.not  unfrequendy 
applied  directly  to  the  land. 

%  10.  Of  file  quanUhf  of  lime  xohich  ought  to  he  added  to  the  soil. 
The  quantity  of  lime  which  ought  to  be  add^  to  the  soil  is  dependent 
Qprxi  so  many  circumstances,  that  it  is  impossible  to  state  any  general 
rule  by  whido,  in  all  casesi  tbe  practical  man  can  safely  regulato  bis 
procedure. 

1°.  To  soils  which  contain  no  lime,  or  to  which  it  is  added  for  tbe 

first  time,  a  larger  dose  must  be  given. 

We  have  seen  that  a  certain  minimum  portion  of  lime  is  indispensa- 

;  ble  to  a  pmductive  soil.    Jf  we  suppose  this  smallest  quantity  to  be  no 

.  greater  than  in  the  surface  of  the  marsh  lands  of  Holstein  (p.  378)— 

'  then  wfth  a  soil  six  inches  in  depth,  which  contains  no  tinm,  we  ought 

to  aaix  a  too  ai)d  a  half*  say  40  bushels  of  slaked  lime,  and  by  suce^ 

'  sive  yearly  additions  to  supply  the  annual  waste. 

But  tp  mix  this  feeble  dose  of  lime  intimately  with  the  soil  to  a  depth 
.  of  six  inchea  wouJkd  obviovsly  v«qui^  no  expenditure  of  labor  whi^h 
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the  practical  farmer  could  rarely  aUbrd.  It  would  be  grBstereoooomjrt 
therefore,  in  moot  cases  to  add  a  dose  several  times  larger,  and  dus  not 
only  because  the  same  amoant  of  labor  would  diflfuae  it  more  geoeni- 
ly  through  the  whole  soil,  but  because  this  larger  liming  would  render 
less  necessary  the  immediate  addition  of  new  supplies  to  repair  the  un- 
*  avoidable  waste. 

But  there  is  reason  to  believe  that  the  proportion  of  lime  whidi  fh» 
soil  opgfit  to  contain,  if  it  is  to  be  successful ty  subjected  to  arable  col*- 
ture,  ought  to  be  much  larger  than  is  above  assumed  as  the  smalleot 
or  minimum  quantity.  If  we  suppose  one  per  cent,  to  be  necessary, 
then  eight  tons  of  lime-shells,  or  upwards  of  300  bushels  of  slaked  lime* 
must  be  mixed  with  a  soil  six  inches  in  depth,  to  impart  to  it  this  pio- 
portion«K>r  half  the  quandty,  if  it  be  kept  within  three  inches  of  the  sur- 
face. Even  a  very  large  dose  of  lime,  therefore,  does  not,  if  it  be  wall 
mixed,  materially  alter  the  consdtntion  of  the  soil. 

2^.  But  experience  haa  proved  that  the  quantity  of  lime  which  a 
skilful  farmer  will  add  to  his  land  will  vary  with  many  other  circum- 
stances besides  the  depth  of  his  soiU  and  the  proportion  of  lime  it  al- 
ready contains.    Thus*- 

a.  On  clay  lands  more  lime  is  necessazy  than  on  light  and  sandy 
soils.  This  may  be  partly  ascribed  to  the  physical  efiect  of  the  lime 
in  opening  and  loosening  the  stiff  clay— but  independent  of  this  actioQ 
the  particles  of  lime  are  liable  to  be  coated  over  and  enveloped  by  the 
fine  clay,  and  thus  shut  out  from  the  access  of  the  air.  These  parti- 
cles, therefore,  must  be  more  numerous  in  such  a  soil,  if  as  many  of 
them  are  to  be  exposed  to  the  air  as  in  lighter  land,  through  which  the 
atmospheric  air  continually  permeates. 

b.  On  wet  and  marshy  sods,  a  larger  application  still  may  be  mado 
with  safety,  and  partly  for  the  same  reason. 

The  moisture  surrounding  the  lime  shuts  out  the  air,  without  tfao 
ready  access  of  wh ich  lime  cannot  perform  its  important fu nctioos.  The 
same  moisture  tends  to  carry  down  the  lime  and  lodge  it  more  speedily 
in  the  subsoil.  The  continued  evaporation  also  keeps  such  soils  too 
cold  (Lee.  II.,  §  7),  to  allow  the  chemical  changes,  which  lime  in  &- 
vorable  circumstances  produces,  to  proceed  with  the  requisite  degree 
of  rapidity.  The  soluble  compounds  which  are  formed  as  the  conse- 
quence of  these  changes  are,  in  wet  and  marshy  soils,  dissolved  by  the 
moisture,  and  so  diluted  as  to  enter  in  smaller  quantity  into  the  roots  of 
plants.  And  lastly,  in  certain  cases,  new  compounds  of  the  lime  with 
the  earthy  and  stony  matters  of  the  soil  are  formed,  which  may  either 
harden  into  visible  lumps  of  mortar  and  cement,  or  into  smaller  parti- 
cles of  indurated  matter,  in  which  the  lime  is  no  longer  in'such  a  stato 
as  to  be  able  to  act  in  an  equal  degree  as  an  improver  of  the  soil. 

In  cold  and  wet  clays,  in  which  all  these  evil  conditions  occasionally 
meet,  it  is  not  surprising,  therefore,  that  large  doses  of  lime  should 
sometimes  have  been  added  without  producinff  any  sensible  benefit 
whatevei^  p  An  instance  is  mentioned  in  the  Nottingham  Report  of 
720  bushels  having  been  laid  on  an  acre  of  clod  clay  land  without  any 
benefit  whatever."— Bri(uA  Husbandry,  i.,  p.  296.) 

e.  Again,  when  the  soil  is  also  rich  in  vegetable  matter,  lime  may 
beWll  more  abundantly  applied.    Thuft  when  a  field  ia  at  once  vat 


AlID  «OCH  AS  ABS  UCB  IH  VafiKTABIA  MATTSR.  383 

or  manby,  and  fall  of  vegetable  matter,  as  our  peat  bogs  are,  lime  may 
be  laid  on  more  uospanngly  tbao  under  any  ^  other  circumstances. 
For  in  this  case«  besides  the  action  of  the  access  of  water,  as  above  ex.'* 
plaioed,  the  ve^table  matter  combines  with  and  masks  the  ordinary 
action  of  a  considerable  quantity  of  the  lime.  By  this  combination,  no 
part  of  the  ultimate  influence  of  the  whole  lime  upon  the  soil  ia  neces- 
sarily lost ;  in  most  cases  the  immediaU  effect  only  is  lessened,  which 
the  same  quantity  applied  to  other  soils  would  hfve  been  seen  to  pro* 
duce.  In  favorable  circumstances  its  action  is  retarded  and  prolonged, 
the  com  pounds  it  forms  with  vegetable  matter  decomposing  slowly,  and, 
therefore,  remaining  Ions  in  the  soil. 

To  the  exact  chemical  constiiutbn  of  the  compounds  thus  formed, 
as  toon  a$  lime  is  mixed  up  with  a  soil  rich  in  veaetable  matter,  and  to 
the  chemical  changes  which  these  compounds  gradually  undergo,  it  will 
be  necessary  to  direct  our  attention  when  we  come  to  study  the  theory 
of  the  action  of  lime,  as  an  improverof  the  soil. 

d^  Not  only  the  natural  depth  of  the  soil,  as  already  stated,  but  also 
the  depth  to  which  it  is  usually  ploughed,  and  to  whicn  it  is  customary 
to  bury  the  lime,  will  materially  afiect  the  quantity  which  can  be  safely 
applied.  A  dose  of  lime  which  would  materally  injure  a  soil  into 
which  the  plough  rarely  descends  beyond  two  or  three  inches,  might  be 
too  small  an  application  where  six  or  eisht  inches  are  usuaUy  turned 
over  by  the  plouah.  When  new  soil,  also,  is  to  be  brought  up,  which 
may  be  suaposedto  contain  no  lime,  or  in  which  noxious  substances  are 
present,  a  heavier  dose  of  lime  must  necessarily  be  laid  upon  the  land* 

3°.  Such  are  the  circumstances  in  which  larse  applications  of  lime 
may  be  usefully  applied  to  the  land.  In  soils  of  an  opposite  character, 
not  only  will  smaller  quantities  of  lime  produce  an  equally  beneficial 
effect,  but  serious  injury  would  often  be  inflicted  by  spreading  it  too  lav* 
ishly  upon  your  fields. 

The  more  dry  and  shallow  the  soil,  the  more  light  and  sandy,  the 
kse  abundant  in  vegetable  matter,  the  more  naturally  mild  its  locality, 
and  the  drier  and  warmer  the  climate  in  which  it  is  situased— -the  less 
the  Quantity  of  lime  which  the  prudent  farmer  will  venture  to  mix  with 
it.  It  is  to  the  neglect  of  these  natural  indications  that  the  exhaustion 
and  barrenness  that  have  occasionally  foUowed  the  application  of  lime 
are  to  be  ascribed.  It  is  only  in  rare  cases,  such  as  the  presence  of 
much  noxious  mineral  matter  in  the  sqU,  that  these  indications  can  be 
•alely  neglected. 

§  11.  Ought  Ume  to  he  appjitd  in  lat^  doies  at  dUiant  mtervdltt  or  in 
smaller  quantities  mote  frequently  repeated  f 

The  quantity  of  lime  which  ought  to  be  applied  to  the  land  must,  as 
we  have  seen,  vary  with  its  quality,  and  with  the  conditions  in  which  it 
MM  placed.  Hence  the  practice  in  tnis  respect  necessarily  varies  in  every 
county  and  in  almost  every  district. 

But  a  diflerence  of  opinion  also  prevails  among  practical  men,  as  to 
whether  that  quandty  of  lime  whicn  land  of  a  given  kind  may  require 
Might  to  be  applied  m  large  doses  at  long  intervals,  or  in  small  quantities 
Ireqnendy  repeated.  '  The  indicatioDaof  dieory  in  lelereneeto  this  poinc 
ave  clear  and  mnple. 
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A  certain  proportion,  of  lime  is  indispensable  in  onr  cfimate  to  th^ 
production  of  the  greatest  possible  fertility.  Let  us  suppose  n  soil  to  b^ 
wholly  destitute  of  lime— the  first  step  of  the  improver  would  be  to  add 
to  this  indispensable  p^portion.  This  would  necessarily  be  a  larga 
quantity,  and,  therefore,  to  land  Jimedfir  the  first  time  theory  indieatei 
ikepropriety  of  adding  a  large  dose. 

Every  year,  however*  a  certain  variable  proportion  of  the  lime  is  i^^* 
moved  from  the  spil  by  n^turfil  causes*  The  eflfect  of  this  removal  in  a 
few  years  becomes  sensibly  apparent  in  the  diminished  pnxiuciiveness 
of  the  land.  After  the  lapse  of  6vfi  or  six  years,  during  which  it  has 
been  gradually  mixing;  with  the  soil,  the  beneficial  effects  of  the  ifme  is 
generally  the  most  striking— after  this  they  gradually  lessen,  till  at  the 
end  of  a  longer  or  shorter  period,  the  land  reverts  to  its  original  condition. 
To  keep  land  in  its  best  possible  state^  therefore^  the  natural  waste  oueht 
from  tine  to  time  to  be  supplied  by  the  addition  of  smaller  doses  of  time 
at  shorter  interval^. 

Such  is  obviously  the  most  natural  coniae  of  procedure,  and  he  wfap 
(brms  his  own  estate,  and  has  therefore  no  strong  inducement  to  do  oth- 
erwise, will,  on  the  firet  breaking  up  of  new  land«  give  it  a  heavy 
llhiing,  and  whether  be  afterwards  retain  it  in  arable  cuhure  or  lay  it 
down  tograss,  will  at  intervals  of  4  to  6  ^ears  sive  it  a  new  doseof  one- 
fouith  to  one-etg hi h  of  the  original  quantity,  nut  local  circuinstanoes 
and  customs  interfere  in  many  well -farmed  districts  with  this  moat  na- 
tural treatment  of  the  soil.  In  the  county  of  Roxbt^rgh,  for  example^ 
on  entering  upon  his  fartp,  which  holds  on  a  lease  of  19  or  21  years,  tha 
tenant  begins  by  liming  that  portion  of  his  land  which  is  in  fallow,  or 
in  prepararion  mr  turnips,  at  tbernteof  240  to  300  bushels  of  quick-lime 
per  acre..  A  similar  liming  is  .eiyen  to  the  other  portions  as  they  come 
into  fallow,  so  that  at  the  end  of  his  first  rotation  (4  or  .6  years)  the  whold 
of  his  land  has  been, limed  at  tjie  same  rate.  He  now  continues  crop- 
ping for  three  or  four  rotations  (14  to  16  years),  when  if  be  is  sure  of  re-, 
raaining  op  his  farm,  he  begins  to  lime  again  with  the  same  quantity  as 
before.  If  he  is  to  quit,  however,  he  takes  the  best  cfnps  he  can  ffet, 
but  incurs  no  further  outlay  in  the  addition  of  lime.  His  successor  fol- 
lows tlie  same  course-*-begins:l)y  exnending  perhaps  (£1000  in  lime, 
and  before  he  leaves  at  the  end  of  iris  leasf ,  has.  by  continued  cropping, 
bmught  back  his  Ifind  nearly  to, the  s^m^  state  in. which  he  found  it. 

^n  the  district  of  Kyle  and  other  parts  of  Ayrhhire,  again,  Hme  is  laid 
on— often  when  preparing  for  the  wheat  crop,' either  bv  ploughing  in  the 
second  furrow,  or  by  harrowing  in  with  the  seed — at  the  rate  of  40  basb- 
els  of  shells  an  acre,  and  ibis  dose  Is  of  course  repealed  every  4  or  6  yeari, 
according  to  tbe  lengt|i  of  ihe  rotation*  If  we  consider  the  probable  dif- 
ference in  the  soil  and  cfiipate,:the  proportion,  of  lime  added  in  the  two 
districts  does  not  materially difler.  In  Ayrshire  from  S  to  I Q  bushels,  and 
io  Roxburgh  from  10  to  12  bushels,  are  added  for  each  year,*  In  both 
counties,  howeyer,  many  farms  may  be  met  with  in  which  the  treatment 
of  the  land  in  this  respect  differs  from.that  which  is  generally  followed.  ^ 

*  Acconnnf  to  GciiDnl  Beataoo  (ASw  Sif9tem  t^f  OuUivatian.  t8S0),  npv«rd«iOO totbtl^ 
•n  acre,  lit  ■  co»t  of  £f,'l5».\  ps6d  to  X^r^pptit^d  fo  tbe  cl«y  Iai)d«  of  SoMex— on  the  fUtoii^ 
Mbro  wh^i  cwwry  foot  ymr^  This  wm  »  biithek  per  aero  for  each  year.  In  aoeh 
laiMla  to  theaa  iba  aavlof  in  tlia  arUde  ofUiM  alooc,  wbieb  woiatd  MMl  a iodic^Mls'tfiatoi 
■S^  would  k#  vefy  graab 
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In  Fiandera  a  similar  difference  in  the  practice  pre^ailfl  in  different' 
districts.  In  some  the  laod  is  limed  only  once  in  12  years,  in  others 
every  third,  fourth,  or  sixth  year,  acoordiog  to  the  length  of  the  rotation. 
In  the  former  case  from  49  to  50  bushels  are  applied  per  acre,  in  the  lat-. 
tor  from  10  40  12  bushels  erery  third  year.  In  IxKh  modesof  procedure 
the  quantity  of  lime  applied  by  the  year  is  nearly  the  same---betweeo 
3)  and  4  bushels  per  acre.  These  qoaniities  are  very  much  less  than 
those  employed  in  our  island,  but  the  soils  are  also  greatly  lighter,  and 
the  climate,  as  well  as  the  general  treatment  of  the  land,  very  different." 

We  may  consider  it,  therefore,  as  a  principle  recognized  or  involved 
in  the  agricukural  practice  both  of  our  own  and  of  foreign  countries,* 
thftt  nearly  the  same  annual  addition  of  lime  ought  to  be  made  to  the 
land,  whether  it  he  applied  at  Jong  intervals  or  at  the  recurrence  of  each 
rotation.  There  is,  Uiereforei  on  the  whole,  no  saving  in  the  cost  of  lime, 
whichever  method  yon  adopt.  A  slight  consideration  of  the  subject, 
however,  may  satisfy  us  that  there  is  a  r^  difference  in  the  compara- 
tive economy  or  profit  of  the  two  methods. 

Let  us  suppose  two  acres  of  the  same  clay  land  to  be  limed  respec- 
tively with  200  bushels  each,  and  that  the  one  is  cropped  for  twenty 
years  afterwards  without  further  Umine,  while  the  other  at  the  end  of 
every  five  years  is  dressed  with  an  additional  dose  of  40  to  50  bushels. 
Vq  both  cases  the  land  would  have  attained  the  most  productive  coo- 
ditioD  in  five  or  six  years.  Let  us  suppose  that  in  this  condition  it  pro- 
duced annually  a  crop  of  (or  equivalent  in  nutritive  value  lo)  30  bushels 
of  wheat,  and  that  on  neither  acre  did  a  sensible  diminution  appear  be- 
fore the  end  of  ten  years*  Then  during  the  second  ten  the  crops  would 
gradually  lessen  in  the  one  acre,  while,  in  consequence  of  the  re- 
addition  of  the  lime  as  it  disappears,  the  amount  of  produce  would  re- 
main sensibly  the  same  in  the  other  acre.  Suppose  the  produce  of 
the  former  jzradually  to  diminish  from  30  to  20  bushels  during  these  ten 
years,— or  that  while  the  one  has  continued  to  yield  30  bushels  during, 
the  whole  period,  the  other  bast  on  an  average,  yielded  only  25  bushels, 
during  the  latter  ten  years«  If  now  the  second*  laree  dose  01*^200  bushels 
be  added  to  this  latter  acre,  the  cost  of  liming  both  will  have  become 
aeosibly  the  same,  but  the  amount  gf  produce  or  of  profit  from  the  two 
acres  during  the  second  ten  years  will  stand  thus — 

10  crops,  of  30  bushels  each,  amount  to    300  bushels.' 
10  crops,  df'25  bushels. each,  amount  to-  250  bushels. 

Difference  in  favour  of  frequent  liming,      50  biishela  per  isicre, 
or  nearly  two  whoU  cropi  every  leaee  of  twenty  years 4 

Thus  It  appears 

.  1°,  That,  according  to  the  practice  of  different  countries,  the  quantity 
of  lime  which  ought  to  be  added,  and  consequently  the  cost  of  adding  it^ 
is  very  nearly  the  same,  whether  it  be  applied  in  larger  doses  at  longer 
Intervals,  or  m  smaller  doses  more  frequently  repeated. 

9^.  That,  after  the  fir$i  heaify  limmg^  the  frequent  applhsation  of  smdl 
dosed  is  the  more  uaturat  method-r- and  . 

3^«  That  it  is  also  the  most  eeononaical  or  profitable  method.      •     • 

It  is  possible  that  ddier  cplylide.rKiibos,  aii^h  i^  the  V^mx^  txyl'whlchl 
your  Und  is  haldt  may  appear  fufficiaal  to  mdim  you  to  depart  &oai 
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this  metbod ;  but  there  •eemft  every  reaeoo  to  believe  that  it  will  beit 
reward  those  who  feel  tbemaelves  at  liberty  to  follow  the  iodicatiom  at 
ooce  of  BouDd  theory  and  of  eolixhtened  practice. 

One  thing,  however,  must  be  borne  in  mind  by  those  who,  in  adopt- 
ing the  best  syetem  ef  liming,  do  not  wish  both  to  injure  their  land  and 
^  to  meet  with  ultimate  diBappointmenL  Omnic  mauer*-in  the  form  of 
(arm-yard  manure,  of  bone  or  rape  dust,  of  green  crops  ploughed  in,  or 
of  peat,  and  other  composts— must  be  abundantly  and  systematically 
added,  if  at  tbe  end  of  20  or  40  years  the  land  in  which  the  full  supply 
of  lime  is  kent  up  is  to  retain  its  original  fertility.  High  farming  is  tbe 
most  profitaDle— for  the  soil  is  ever  grateful  for  skilful  treatment— but 
he  who  farms  high  in  tbe  sense  of  keeping  up  the  supply  of  lime,  must 
also  farm  high  in  the  sense  of  keeping  up  the  supply  of  organic  and 
other  manures  in  the  soil^-otherwise  present  fertility  and  gain  will  be 
followed  by  future  barrenness  and  loss.  If  this  is  not  to  he  done,  it 
were  better  to  add  lime  at  long  intervals,  since  as  the  quantity  of  lime 
diminishes,  the  land  begins  to  enjoy  a  liule  respite,  and  has  had  time  in 
some  measure  to  recover  itself— the  cropping  in  both  instances  being  tbe 
samo— before  the  new  doee  is  laid  upon  its  surface.* 

§  12.  Form  and  state  of  eombinatum  in  whieh  Ume  augJu  to  be 
appUed  to  the  land. 

The  form  and  state  of  combination  in  which  lime  ought  to  be  applied 
to  the  land  depend  upon  the  nature  of  the  soil,  on  the  kind  of  cropping 
to  which  it  is  subjected,  and  on  the  special  purpose  which  the  lime  is 
intended  to  effect.  The  soil  may  be  heavy  or  light,  in  arable  culture, 
or  laid  down  to  grass,  and  each  of  these  conditions  indicates  a  different 
mode  of  procedure  in  tbe  application  of  lime.  So  tbe  lime  itself  may 
be  intended  either  to  act  more  immediately  or  to  be  more  permanent  in 
its  action — or  it  may  be  applied  for  tbe  purpose  of  destroying  unwhole- 
some herba^,  of  quickening  inert  vegetable  matter,  of  generally  sweet- 
ening tbe  soil,  or  simply  of  adding  to  the  land  a  substance  which  is  In- 
dispensable to  its  feniiity.  The  skilful  a^culturist  will  modify  the 
Ibrm  and  mode  of  application  according  as  it  is  intended  to  serve  one  or 
other  of  these  purposes. 

From  the  considerations  already  presented  to  you  ( §  S)  in  regard  to 
the  changes  which  quick -lime  undergoes  in  the  air,  it  appean  to  be  ex- 
pedient, 

1^.  To  slake  lime  quickly,  and  to  apply  it  immediately  upon  clay, 
boggy,  marshy,  or  peaty  lands— upon  such  also  as  contain  much  inert 
or  generally  which  abound  in  other  forms  of  vegetable  matter. 

2^.  To  bents  and  heaths  which  it  is  desirable  to  extirpate,  it  should 
be  applied  in  the  same  caustic  state,  or  to  unwholesome  subsoils  which 
contain  much  iron  (sulphate  of  iron),  as  soon  as  they  are  turned  up  by 
the  plough.  In  both  these  cases  the  unslaked  lime-dust  from  the  kihis 
might  be  laid  on  with  advantage. 


•  ** laths oelfhboorfaMdorTtaoioe, in BosMTMliUn, mkI ovwaU tto mO ofths  b«« 
red  Mod-ttosA,  die  taFmen  liai«  Uiekr  bnd  every  tine  11  cobmi  ia  ooone  of  Mtow  lor  vat- 
■ipe,  end  Ma  prDdoeee  ezceUeot  crops,  eren  wtttjoitt  drnm^'^—MbrtoH  am  abSa,  ttiird  adilloa, 
p.  181.  TlMpc»ettoalraftdermiMiioteoiiM«rUiite««oBortlM8onMraeCihirBfcnBwa 
MM ^t  at  vttriuee  wlUi  what  ta ataud loUMtext:  he  naat  eonclnde,  rather,— if  Uie  aeo- 
leoee  here  qooied  ia  meant  to  apply  thai  tber  lime  Uielr  arable  laad  eo  repeatedly,  aod  je 
s4daoonMimmiiww   UwttBty  wlM,ssMiBfer  lMMb<<swto»oMtofllafcrtUlv. 
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3^.  Where  it  is  to  be  spread  over  grass  lands  wufaoat  destroyiDg  the 
herbage,  it  is  in  most  cases  safer  to  allow  the  lime  to  dake  spontaneous- 
ly,  and  io  the  open  air  rather  than  id  a  covered  pit.  It  is  thus  obtained 
ID  an  exceedingly  fine  powder,  which  can  be  easily  spread,  and^  while 
it  is  suHiciently  mild  to  leave  the  tender  grasses  unharmed,  it  contains 
a  sufficient  quantity  of  caustic  lime  (p.  368)  to  produce  those  chemical 
changes  in  the  soil  on  which  the  efficacy  of  quick-lime  depends. 

4^.  Where  lime  is  applied  to  the  fallow,  is  ploughed  in,  well  har- 
rowed or  otherwise  mixed  with  the  soil,  it  b  generally  of  little  conse- 
quence in  which  of  the  above  states  it  is  laid  on.  The  chief  condition 
ifl,  that  it  be  in  the  state  of  a  fine  powder,  and  that  it  be  well  spread 
and  intimately  mixed  with  the  soil.  Before  these  operations  are  con« 
eluded  the  lime  will  be  very  nearly  in  the  state  of  combination  in 
which  it  exists  in  spontaneously  slaked  lime— whatever  may  have 
been  the  state  of  causticity  in  which  it  has  been  applied. 

You  will  understand  that  the  above  remarks  apply  only  to  localities 
where  burned  lime  is  usually  or  alone  used  for  agncultural  purposes. 
There  may  be  localities  where  marl  also  exists,  or  shell  or  lime-stone 
sand,  in  greater  or  less  abundance,  and  in  such  places  it  may  be  a  ques- 
tion of  some  importance  to  determine  which  it  would  be  better  or  more 
economical  to  apply.  In  such  a- case  you  may  safely  proceed  upon 
the  principle  that  the  lime  in  the  marls,  &c.,  will  ultimately  produce 
jirecisely  the  same  efiects  upon  your  land  as  the  lime  from  the  kiln, 
provided  you  lay  on  an  equal  quantity,  and  in  an  equally  minute  btate 
of  division.  The  effect  will  only  be  a  little  more  slow,  and  the  full 
fertility  of  the  land  a  year  or  two  longer  in  being  broaght  out.  You 
would*  therefore  consider, 

1°.  How  much  of  the  marl  or  sand  must  I  add  to  be  equal  to  a  ton 
of  lime-shells  ?  This  will  depend  on  the  per-centage  of  lime  which 
the  marl  coutaios.  Suppose  it  to  contain  20  per  cent.,  or  one-fif\h  of  its 
weight  of  lime,  (not  car6ona/e  of  lime,  but  of  lime  in  the  state  in  which 
it  comes  from  the  kiln,  100  lbs.  of  carbonate  containing  56  lbs.  quick 
liaie,  p.  364,)  then  five  tons  of  the  marl  will  be  equal  to  one  ton  of  iime 
shells.  But  as  the  lime  in  the  marls  and  sands  is  never  in  so  minute ' 
a  state  of  division  as  in  the  slaked  lime,  the  same  quantity  of  lime  in 
the  Cbrmer  cannot  be  so  equally  diffused  through  the  soil  as  in  the  lat- 
ter state.  An  allowance  must  therefore  be  made  on  this  account,  and 
an  additional  quantity  equal  to  one- fourth  or  one-fifth  of  the  whole  add- 
ed, for  the  purpose  of  equalizmg  the  effect. 

2*^.  Which  of  the  two,  the  quick-lime  or  its  equivalent  of  marl,  can 
I  obtain  and  apply  at  the  less  cost  ?  This  will  not  be  difficult  to  calcu- 
late, the  proportion  of  lime  contained  in  the  marl  being  once  ascertained. 

3^.  This  question  of  economy  being  decided,  it  is  necessary  to  con- 
aider  the  kind  and  quantity  of  the  earthy  matter  with  which  the  lime 
in  the  marl  is  mixra.  If  it  be  a  lime-sand  or  sandy  marl,  it  may  be  un- 
fit to  apply  to  light  and  sandy  soils ;  if  it  be  a  stifif  unctuous  clarmarl,  it 
may  only  render  stiffer  and  more  difficult  to  work  the  clay  lands  on 
"which  you  may  propose  to  spread^it.  In  such  cases  as  these^  however 
economical  the  use  of  marls  or  lime-stone  sands  may  be,  the  intelligent 
farmer  will  prefer  the  addition  of  quick-lime  wherever  it  is  readily  ae- 
oeaaible* 
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Siusex  is  one  of  those  districts  in  which  the  ancient  use  of  mail  hat 
given  place  to  the  employment  of  burned  lime,  (Beatsoo,)— chiefly,  I 
Eelieve,  from  the  nature  of  the  local  marl  being  less  adapted  to  the  stiff 
day  lands  of  that  county. 

§  13.  Of  the  use  ana  advantage  of  the  campattform. 

As  there  are  many  cases  in  which  lime  ought  to  be  applied  unmixed 
and  in  the  caustic  state,  so  there  are  others  in  which  it  is  best  and  most 
beneficially  laid  upon  the  land  in  a  mild  state  and  in  the  form  of  compost* 

\°,  When  lime  is  required  only  in  small  quantities,  it  can  be  more 
evenly  spread  when  previously  well  mixed  with  from  3  to  8  times  ita 
bulk  of  soil. 

2°.  Oq  light,  sandy,  and  gravelly  soils,  when  of  a  dry  character,  no- 
mixed  lime  will  bring  up  much  cow -wheat  (melampyrum)  and  red 
poppy.  If  they  are  moist  soils,  or  if  rainy  weather  ensue,  the  lime  ia 
apt  to  run  into  mortar,  and  thus  to  form  either  an  impervious  subsoil, 
or  lumps  of  a  hard  conglomerate,  which  are  brought  up  by  the  plough, 
but  do  not  readily  yield  their  lime  to  the  soil.  These  bad  consequences 
are  all  avoided  by  addinjg  the  lime  in  the  form  of  compost. 

3°.  Applied  to  grass  bnds— unless  the  soil  be  stiff  clay— or  much 
coarse  grass  is  to  l^  extirpated,— it  is  generally  better  and  safer  to  apply 
it  in  the  compost  form.  The  action  of  the  lime  on  the  tender  herbage 
is  by  this  means  moderated,  and  its  exhausting  effect  lessened  upon 
soils  which  contain  little  vegetable  matter. 

4°.  In  the  compost  form  the  same  quantity  of  lime  acts  more  imme- 
diately. While  lying  in  a  state  of  mixture,  those  chemical  changes 
which  lime  either  mduces  or  promotes  have  already  to  a  certain  extent 
taken  place,  and  thus  the  sensible  effect  of  the  lime  becomes  apparent 
in  a  shorter  time  after  it  has  been  laid  upon  the  land. 

5°.  This  is  still  more  distinctly  the  case  when,  besides  earthy  mat- 
ter, decayed  vegetable  substances,  ditch  scourings,  and  other  refuse,  are 
mixed  with  the  linoe.  The  experience  of  every  practical  man  has  long 
proved  how  very  much  more  enriching  such  composts  are,  and  more 
obvious  in  their  effects  upon  the  soil,  than  the  simple  application  of 
lime  alone. 

6°.  It  is  stated  as  the  result  of  extended  trial  in  Flanderrand  in  parts 
of  France,  that  a  much  smaller  quantity  of  lime  laid  on  in  this  form 
will  produce  an  equal  eflect.  For  this,  one  cause  may  be,  that  the  rains 
are  prevented  from  acting  upon  the  mass  of  compost  as  they  would  do 
upon  the  open  soil— in  washing  out  either  the  lime  itself  or  the  saline 
substances  which  are  produced  during  its  contact  with  the  earthy  and 
vegetable  matter  with  which  it  is  mixed. 

7°.  The  older  the  compost  the  more  fertilizing  is  its  action.  This 
fact  is  of  the  same  kind  with  that  generally  admitted  in  respect  to  the 
action  of  marls  and  unmixed  lime — that  it  is  more  sensible  in  the  se- 
cond year,  or  in  the  second  rotation,  than  in  the  first. 

In  conclusion,  it  may  be  stated  that  this  form  of  application  is  especi- 
ally adapted  to  the  lightest  and  driest  soils,  and  to  such  as  are  poorest  in 
vegetable  matter.  In  this  form,  lime  has  imparted  an  unexpected  fenility 
avail  to  tha  white  and  barreo  sands  of  the  Lanelee  (Puvis,)  and  upon 
the  dry  hills  of  Derbyshire  it  has  produced  an  almost  equal  beoafif. 
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$14.  munougktiimefhetqtplUi 

This  qiiesitdn  may  refer  either  to  (he  period  in  the  lease,  in  the  rota- 
tion, or  of  the  year  io  whith  lirne  may  most  beneticiaUy  he  laid  upon 
the  land.  We  have  already  considered  this  point  in  so  far  as  it  refers 
to  the  lease,  while  discussing  th^  propKety  of  applying  lime  in  large  or 
•mall  doses^ 

In  regard  to  the  period  of  the  year  and  of  the  rotation,  thei«  are  three 
principles  by  which  the  procedure  of  the  practical  man  ought  chiefly  to 
be  directed^ 

1^.  That  Ivme  takes  tome  time  to  pt^mee  U$  htown  tjfeets  upon  iht 
mriL-^lt  ought,  therefore,  to  he  applied  as  long  as .  possible  before  the 
crop  is  sown.  That  is,  in  the  early  autumn,  where  either  winter  or 
spring  corn  is  ahout  to  he  sown,— K)n  the  naked  fallow  where  the  land 
is  allowed  to  be  at  rest  for  a  year,-— or  on  the  grass  fields  before  break- 
ing up,  where  the  pasture  is  to  he  immediately  succeeded  by  com. 

2^.  Thai  pUcMimc  expels  amvwniafiom  decomposed  amafermenixng 
manure. 

When  such  manure,  therefore,  is  applied  to  the  land,  as  it  is  in  all 
our  well-farmed  districts,  qnick-Kme  should  not  be  so  laid  tipon  the 
land  as  to  come  into  immediate  contact  with  it.  If  both  must  be  ap- 
plied in  the  same  year,  they  should  be  laid  on  at  periods  as  distant  from 
each  other  as  may  be  convenient,  or  if  this  necessity  does  not  exist,  the 
lime  should  be  spread  either  a  year  before  or  a  year  after  the  period  in 
the  rotation  at  which  the  manure  \i  usually  applied. 

It  is  for  this  reason,  as  well  as  for  the  other  already  stated,  (1®.)  that 
lime  is  applied  to  the  naked  falkiw,  to  the  grass  before  breaking  np,  or 
along  with  the  winter  wheat  afler  a  green  crop  which  has  been  aided 
by  fermented  manure.  When  ploughed  intothe  fallow,  or  spread  upon 
the  grass,  it  has  had  time  to  be  almost  completely  converted  into  the 
mild  Slate  (that  of  carbonate,)  before  the  manure  is  laid  on.  In  this 
mild  state  it  has  no  sensible  eflect  in  expelling  the  ammonia  of  decom- 
posing manure.  Again,  when  it  is  applied  in  autnmn  along  with,  or 
immediately  before  the  seed,  the  volatile  or  ammoniacal  part  of  the 
manure  has  already  been  expended  in  nourishing  the  green  crop,  so  that 
lots  can  rarely  accrue  from  the  admixture  of  the  (wo  at  this  period  of 
the  rotation. 

The  excellent  elementary  work  of  Professor  Lowe,  (Elements  of 
Practical  Agriculture,  third  edition,  p.  63,)  contains  the  following  re- 
mark : — "  It  is  DOC  oppcMod  to  tlieory  tha(  lime  should  be  applied  to  the 
aoil  at  the  same  time  with  dung  and  other  animal  and  vegetable  sub- 
atances,  as  is  frequent  in  the  practice  of  farmers.**  This  is  strictly  coi^ 
lect  only  in  regard  to  marls,  lime-sand,  &;c.t  or  to  perfectly  mild  lime, 
ainr  of  which  may  be  mixed,  without  loss,  with  manure  m  any  state. 
Ofquick  or  caustic  lime  it  is  correct  only  when  the  animal  or  vegetable 
matter  has  not  yet  begun  to  ferment.  With  recent  animal  or  vegetable 
matter,  quick-lime  may  be  mixed  up  along  with  earth  into  a  compost, 
not  only  without  the  risk  of  much  loas,  but  with-  the  preq>ect  of  mani- 
feat  advantage. 

3<>.  Thai  qmck'Hme  hastens  or  retha  the  deoon^ponHon  of  insrt  or* 
ganic  mo^r.— This  fact  also  indicates  the  propriety  of  allowing  the 
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lime  M  mucb  time  as  ponible  tD-opeisCe  beftre  a  crop  is  taken  fiom 
land  ia  whioli  organic  matter  already  abounds.  Or  where  fermentbg 
manure  is  added,  it  advises  the  farmer  to  wait  till  spontaneous  decom- 
position becomes  languid,  when  the  additfon  of  lime  will  bring  it  again 
mto  action  and  thus  maintain  a  more  equable  fenility. 

In  a  work  upon  soils,  which  I  have  frequently  commended  to  your 
notice^  (Morton  ** On  <Soi^"  third  edition,  p.  181,)  you  will  find  the 
following  observations :— ^  Writers  on  affriculture  have  stated  that  lime 
hastens  the  decay  of  vegetable  ttiatter,  whereas  the  fact  is,  that  it  retards 
the  process  of  the  deoom position  of  ve^able  matter.  If  straw  or  lonf 
dung  be  mixed  with  slaked  lime,  it  will  be  preserved ;  while  if  mixed 
with  an  equal  portion  of  earth,  the  earth  will  hasten  its  decay."  The 
two  facts  stated  in  this  last  sentence  are,  I  believe,  correct,  yet  it  is 
nevertheless  consistent  both  with  theory  and  universal  observaiion,  that 
lime  in  the  sail  promotes  the  decomposition  of  organic  matters,  both 
animal  and  vegetable.  This  will  appear  more  clearly  when  we  come 
to  study  the  precise  nature  of  the  action  of  lime  upon  organic  substan- 
ces in  generaL 

The  above  remarks,  in  regard  to  the  best  time  for  applying  lime,  re- 
fer chiefly  to  quick-lime^  the  state  in  which,  in  Englaocl,  it  is  so  exten- 
sively used.  Marls  and  shell-sands  can  cause  no  loss  when  mixed 
with  the  manure,  and  therefore  may  with  safety  be  laid  on  at  any  pe- 
riod of  ihe  rotation.  The  same  remark  applies  with  greater  force  to  the 
lime  composts.  These  may  be  used  precisely  in  the  same  way  as,  and 
even  instead  of,  the  richer  manures— may  be  laid,  without  risk,  upon 
grass  lands  of  any  quality,  and  at  any  period-— or  as  a  top  dressing  on 
the  young  com  in  spring,  when  the  grass  and  clover  seeds  are  sown  by 
which  the  corn  crop  is  to  be  succeeded.  And  as  the  compost  acts 
more  speedily  than  linae  in  any  other  form,  it  is  especially  adapted  for 
immediate  application  lo  the  crop  it  is  intended  to  benefit.  To  wet 
lands  also,  it  is  well  suited,  and  to  such  as  are  subject  to  much  rain,  by 
which,  while  the  surface  is  naked,  the  soluble  matters  produced  in  the 
soil  are  likely  to  be  very  much  washed  away. 

§  15.  Of  Ihe  ^ecU  produced  by  lime* 

The  effects  of  pure  lime  upon  the  land,  and  upon  vegetation,  are  «^- 
iintately  the  same,  whether  it  be  }aid  on  in  a  state  of  hydrate  or  of  car- 
bonate. If  diflferent  varieties  produce  unlike  effects,  the  quantity  of 
lime  applied  betne  the  same,  it  is  because  in  nature  lime  is  always 
more  or  less  mixed  with  other  substances  which  are  capable  of  modi- 
fying the  effects  which  pure  lime  would  alone  produce.  The  special 
efiecu  of  marls,  &c.,  when  they  difler  from  those  of  burned  lime,  are 
to  be  ascribed  to  the  presence  of  snch  admixtures.  In  general,  how- 
ever, the  chemical  action  of  the  marls  and  calcareous  sands  is  precisely 
the  same  in  kind  as  that  of  lime  in  the  burned  and  slaked  state,  and  so 
far  the  effects  which  we  have  already  seen  to  be  produced  by  marls, 
(p.  374,}  represent  also  the  genera)  efleets  of  lime  in  any  form. 

These  general  effects  may  be  considered  in  reference  to  the  land  on 
which  it  is  laid,  and  to  the  crops  which  are,  or  may  be^  made  to  grow 
upon  It.  ^ 


I.— zrFECTs  op  Lin  UFOir  ths  ulki). 

Pare  lime,  like  the  marU,  produces  both  a  mecbaDical  and  a  chemi- 
cal effect  upon  the  soil.  The  former  is  constant  with  ail  varieties  of 
tolerably  pure  lime,  and  is  easily  understood.  It  opens  and  renders  I'reer 
such  soils  as  are  stifiand  clayey,  while  it  increases  the  porosity  of  such 
as  are  already  lisht  and  sandy.  To  the  former  its  mechanical  action  is 
almost  always  favourable,  to  the  latt6r  not  unfrequently  the  reverse. 

From  iu  chemical  action  the  benefits  which  follow  the  use  of  limo 
"ttre  chiefly  derived.    These  benefits  are  principally  the  following  :— 

1°.  It  increases  the  fertility  of  all  soils  in  which  lime  does  not  already 
abound,  and  especially  adds  to  the  productiveness  of  such  as  are  moist 
or  contain  much  inert  vegetable  matter. 

2^.  It  enables  the  same  soils  to  produce  crops  of  a  superior  quality 
also.  Land  which,  unlimed,  will  produce  only  a  scanty  crop,  (3  or  A 
ibid.)  of  rye,  by  the  addition  of  lime  alone,  wiU  yield  a  6  or  7  fold  re 
turn  of  wuaU  From  some  clays,  also,  apparently  unfit  to  grow  corn. 
it  brings  up  luxuriant  crops. 

3^.  It  increases  the  enect  of  a  given  application  of  manure ;  calli 
into  action  that  which,  having  been  previously  added,  appears  to  lie 
dormant ;  and  though,  as  we  have  already  seen,  (p.  386,|  manure  must 
be  plentifully  laid  upon  the  land,  after  it  has  been  well-limed,  yet  the 
same  degree  of  productiveness  can  still  be  maintained  at  a  less  cost  of 
manure  than  where  no  lime  has  been  applied. 

4^.  As  a  necessary  result  of  these  important  changes,  the  money 
Yalua  and  annual  return  of  the  land  is  increased,  so  that  tracts  of  coun- 
try which  had  let  with  difficulty  for  5s.  an  acre,  have  in  many  locali- 
ties been  rendered  worth  30s.  or  40s.  by  the  application  of  lime  alone, 
<Sir  J.  Sinclair.) 

II. — EJraCTS  OF  UBfX  Off  TBB  FBODDCTIONS  OF  THX  SOUi. 

1®.  It  aUer$  Ae  natural  prodMce  vf  the  Umd^  by  killing  some  kinds 
of  plants  and  favouring  the  growth  of  othen,  the  seeds  oif  which  had 
before  lain  dormant.  Thus  it  destroys  the  plants  which  am  natoral  to 
ailiceous  soils  and  to  moist  and  marshy  places.  From  the  corn-field  it 
extirpates  the  corn-marigold,  {dirysantheimtm  segUtuHf  [BOnningfaau- 
aen,])  while,  if  added  in  excess,  it  encoomgce  the  red  poppvt  the  yel- 
low cow«wheat,  (melampyrum  pnUense^)  wad  the  yellow  rattle,  (rfttfian- 
4kus  cruta  gaUi^)  and  when  it  has  sonkt  favoon  the  growth  of  the  trou* 
lUesome  and  deep-rooted  coltsfoot. 

Similar  efiects  are  produced  upon  the  natural  grasses.  It  kills  heath, 
moss,  and  sour  and  bentv*  (agrotUi)  grasses,  and  brings  up  a  sweet 
and  tender  herbage,  mixeci  with  white  Uid  red  clovers,  more  greedily 
eaten  and  more  Dounshing  to  the  cattle.  Indeed,  all  fodder,  whether 
natural  or  artificial,  is  said  to  be  sotwder  and  mora  nourishing  when 
grown  upon  land  to  which  lime  hnB  been  abundantly  applied.  On 
bentv  grass  the  richest  animal  manure  often  produces  little  improvement 
until  a  dressing  of  lime  has  been  laid  on. 

*  Id  Liddisdftle,  on  th«  Beottlth  border,  la  a  large  tnct  of  land  In  what  te  then  eafled 
MiKg  teni,  not  worth  more  Utan  Si.  mi  aera.  If  ■nriMe<4lratood  and  Unad  at  a  eoat  of 
Mi  lo  JS  an  aaca,  thia  becomae  worth  tftfc  an  neia  far  eJiaap  pMtofa.  An  imalUgeni  aat 
SSfatiaoead  bordar  tesMT  ssiiinn  BS  tistt  aosh  iMd  wooM  ■MW'ybvyiit  40 10  ftTbuelMls 
sniiBe  par  aafo. 


It  18  partly  ia  oomeqntnce  of  thft  chao^  whieh  it  tbnt  prodtiees  in 
the  Datuie  of  tbe  herbage,  that  the  appHcatioD  of  quick-lime  to  old  graaa- 
landa*  some  time  before  breakiog  up,  ia  found  to  be  so  useful  a  practice. 
The  coarse  grasses  being  destroyed,  tough  grass  land  is  opened  and 
aoilenedf  and  is  afterwards  more  easily  worked,  while,  when  turned 
ever  by  the  plough,  tbe  sod  sooner  decays  and  enriches  the  soil.  It  ia 
another  advantage  of  this  practice,  however,  that  the  lime  has  time*  to 
diffuse  itself  throueh  the  soil,  and  to  induce  some  of  those  chemical 
changes  by  which  the  succeeding  crops  of  corn  are  so  greatly  bencfiued. 

2°.  Il  improves  the  qmUhf  of  edtnoet  every  culihaled  crop.  Thii% 
upon  limed  land, 

a.  The  grain  of  the  com  crops  has  a  thinner  skin,  is  heavier,  and 
yields  more  flour,  while  this  flour  is  said  also  to  be  richer  in  gluten. 
Vn  the  other  hand«  these  crops,  after  lime,  run  less  to  straw,  and  are 
Tqpte  seldom  laid,  (n  wet  seasons,  (in  Ayrshire,)  wheat  preserves  its 
healthy  appearance,  while  on  unlimed  land,  of  ecjual  quality,  it  is  yel- 
low and  sickly.  A  more  marked  improvement  is  said  also  to  be  pro- 
duced both  in  the  quantity  and  in  the  quality  of  the  spring-sawn  thaja  of 
the  winter-sown  crops,  (Pnvis.) 

h.  Potatoes  grown  upon  all  soils  are  more  agreeable  to  the  taste  and 
more  mealy  af&r  lime  lias  been  applied,  and  this  is  especially  the  caaa 
on  heavy  and  wet  lands,  which  lie  still  undrained. 

€.  Tumijts  are  oflen  improved  both  in  quantity  and  in  quality  wfaeo 
it  is  laid  on  in  preparing  the  ground  for  the  seed.    It  is  most  efficient, 
and  causes  the  i 
in  the  compost  i 
ter  of  varioua  kinds. 

d.  Peas  are  grown  more  pleasant  to  the  taste,  and  are  said  to  be 
more  easily  boiled  soft.    Both  beans  and  peas  also  yield  more  grain. 

e.  Hope,  after  a  ^I^lhniog  and-ilsannring,  gives  extraordliiaiy  cropa* 
and  tbe  same  ia  tbe  case  wiib  tbe  esba,  iSm  seed  of  which  ia  largely 
iwsed  in  France  for  the  oil  which  it  yields. 

/  On  jfoar  atone  it  is  said  to  be  iajarions,  diminishing  the  stienffth  of 
Hhe  fibre  of  the  stem.  Bence,  io  Befrgiam,  flax  is  not  grown  en  timed 
land  till  seven  yeaia  afler  i^Ume  baa  been  applied. 

3^.  It  haoletu  thematwniw  of  Iks  crop.— It  is  true  of  nearly  all  our 
•aultivated  crops,  bat  esneeially  of  those  of  oorn>  that  their  fell  growth 
ia  attaiaed  more  speedily  wbeo  the  land  is  limed,  and  that  they  aiB 
ready  for  the  harvest  from  10  to  14  days  earlier.  This  is  the  case  even 
with  bnck^wheaf,  which  beeomes  sooner  ripe,  though  it  yields  no  larger 
a  return,  when  Hme  is  applied  to  the  land  on  which  it  is  grown. 

4*^.  Tbe  liming  of  the  land  is  the  harbinger  of  health  as  well  as  of 

nboBdanoe.     It  salubrifies  no  leas  than  it  enriches  the  well  cuttivated 

district.    I  have  already  drawn  yoor  attention  (p.  310)  to  this  as  one 

cf  the  incidental  results  which  fellow  the  ekilful  introduction  of  the 

drain  over  large  tracts  of  country.    Where  the  use  of  lime  and  of  the 

drain  go  together,  it  is  difficult  f>a  say  how  much  of  the  increased 

healthiness  of  the  district  is  due  to  the  one  improvement,  and  how  mueh 

*  ▲  eonpantlwlj  kwf  Mitod  fa  •onettonM  pemttted  to  ekpM  befora  the  fraw  IuhIIb 
fenken  a|»  oaer  Umiiig.    Thm  at  K«ttwi«»f,  **  Haio  or  cosmoc  Io  olwoyo  appiea  to  tito 

wWyfarooio?»^  '  ^ 


t  greatest  saving  of  farm-yard  manure  where  it  is  applied 
t  lonni  and  where  the  land  is  already  rich  in  organic  mat- 
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to  the  other.  The  lime  arrests  the  noxious  efflavia  which  teml  to  rise 
more  or  less  from  every  soil  at  certain  seasons  of  the  year,  and  decom- 
poses them  or  causes  their  elements  to  assume  new  forms  of  chemical 
combioation,  in  which  they  no  longer  exert  the  same  injurious  influ- 
ence upon  animal  life.  How  beautiful  a  consequence  of  skilful  agri- 
cult  ure»  that  the  health  of  the  community  should  be  promoted  by  the 
same  methods  which  most  largely  increase  the  produce  of  the  land ! 
Can  you  doubt  that  the  All-benevolent  places  this  consequence  so 
plainly  before  you,  as  a  stimulus  to  further  and  more  general  improve- 
ment-~to  the  application  of  other  knowledge  still  to  the  amelioration  of 
the  soil  1 

§  16.  Circumstances  hy  which  the  effects  of  lime  are  modified. 

These  eflects  of  lime  are  modified  by  various  circumstances.  We 
have  already  seen  that  the  quantity  which  must  be  applied  to  produce 
a  given  eflfect,  and  the  form  in  which  it  will  prove  most  advent ageous^ 
are,  in  a  great  measure,  dependent  upon  the  dryness  of  the  soil,  upon 
the  quantity  of  vegetable  matter  it  contains,  and  on  its  stiflfor  open  tex- 
ture. There  are  several  other  circumstances,  however,  to  which  it  is 
proper  still  to  advert.    Thus, 

1**.  Its  effects  are  greatest  when  well  mixed  with  the  soil,  and  kept 
near  the  surface  within  easy  reach  of  the  atmosphere.  The  reason  of 
-this  will  hereafter  appear, 

2^.  On  arable  soils  of  the  same  kind  and  quality,  the  effects  are 
greatest  upon  such  as  are  newly  ploughed  out,  or  upon  subsoils  just 
brought  to  day.  In  the  case  of  subsoils,  this  is  owing  partly  lo  their 
containing  naturally  very  little  lime,  and  partly  to  the  presence  of  nox- 
ious ingredients,  which  lime  has  the  power  of  neutralizing.  In  the  case 
of  surface  soils  newly  ploughed  out,  the  greater  effect,  in  addition  to  these 
two  causes,  is  due  also  to  the  large  amount  of  vegetable  and  other  or- 
ganic matter  which  has  gradually  accumulated  within  them.  It  is  tne 
presence  of  this  organic  matter  which  has  led  to  the  establishment  of 
the  excellent  practical  rule—"  thai  lime  ought  always  to  precede  pulreS' 
cent  manures  when  old  leys  are  broken  up  for  cultivation.^^ 

3°.  Its  eflfecfs  are  greater  on  certain  geological  formations  than  on 
others.  Thus  it  prepuces  much  effect  on  drifted  (diluvial)eands  and 
clays— on  the  soils  of  the  plastic  and  wealdeo  clays  (Lee.  Al.,  §  8)— 
oo  those  of  the  new  and  old  red  sand-stones,  of  the  granites,  and  of 
many  slate-rocks— and,  generally,  on  the  soils  formed  from  all  rocks 
which  contain  little  lime,  or  from  which  the  lime  may  have  been  washed 
out  during  their  gradual  degradation. 

On  the  other  hand,  it  is  oflen  applied  in  vain  to  the  soils  of  «he  oolites 
(Lee.  XL,  §  8),  and  other  calcareous  formations,  because  of  the  abund- 
ance of  lime  already  present  in  them.  The  advantage  derived  from 
chalking  thin  clay  soils  resting  immediately  upon  the  chalk  rock  (Lee. 
XL,  I  8,  and  page  376),  is  explained  by  the  almost  entire  absence  ot 
Ume  from  these  8f)ils.  The  clay  covering  of  the  chalk  wolds  has  pro- 
bably been  formed,  not  from  the  ruins  of  the  chalk  rock  itself,  but 
fixim  the  deposit  of  muddy  water8,"which  rested  upon  it  for  some  time 
before  those  localities  became  dry  land. 

4^.  Lime  produces  a  greater  proportional  improvement  upon  poor  soili 
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than  oo  such  as  are  richer  (Dr.  Anderson.)  This  is  also  eaaOy  iinto- 
atood,  It  ia  of  poor  soils  in  their  natural  state  of  which  Dr.  Andenoa 
speaks.*  In  this  state  the^  contain  a  greater  or  less  quantity  of  organic 
matter,  hut  are  nearly  destitute  of  lime,  and  hence  are  in  the  most  favour- 
able  condition  for  being  benefitted  by  a  copious  liming.  Experience 
has  proved  that  by  this  one  operation  such  land  may  be  raised  in  money 
value  eight  times,  or  from  58.  to  408.  per  acre ;  but  no  practical  man 
would  expect  that  arable  land  already  worth  dC2  per  acre,  could,  by 
liming  or  any  other  single  operation,  become  worth  c£16  per  acre  of  an- 
nual rent.  The  greater  proportional  improvement  produced  upon  poor 
lands  by  lime  is  only  an  illustration,  therefore,  of  the  general  truth— 
that  on  poor  soils  the  eflbrts  of  the  skilful  improver  are  always  crowned 
with  the  earliest  and  most  apparent  success. 

5°.  In  certain  cases,  the  addition  of  lime,  even  to  land  in  eood  cnhi- 
vation,  and  according  to  the  ordinary  and  approved  practice  of  the  district, 
produces  no  effect  whatever.  Tiiis  is  sometimes  observed  where  the 
custom  prevails,  as  in  some  parts  of  Ayrshire  aixi  elsewhere,  to  apply 
lime  along  with  every  wheat  crop  (p.  384,)  and  on  such  farms  especialhr 
where  the  land  is  of  a  lighter  quality.  Where  from  40  to  60  bushels 
of  lime  are  added  at  the  end  of  each  rotation  of  4  or  5  years,  the  land  ^ 
may  soon  become  so  saturated  with  lime  that  a  fresh  addition  will  pro- 
duce no  sensible  effect.  Thus  Mr.  Campbell,  of  Craigie,  informs  me 
of  a  trial  made  by  an  intelligent  farmer  in  his  neighbourhood,  where  ai» 
ternate  ridges  only  were  limed  without  any  sensible  difference  being  ob- 
served. No  result  could  show  more  clearly  than  this— 'that  (or  one  ro- 
tation at  least  the  expense  of  lime  might  0^  saved,  while  at  the  same  time 
the  land  would  run  the  less  risk  of  exhaustion.  Another  fact  mentioned 
by  Mr.  Campbell  proves  the  soundness  of  this  conclusion.  The  lime 
never  fails  to  produce  obvious  benefit  where  the  land  is  allowed  to  be  4 
or  5  years  in  grass — where  it  is  applied,  that  is,  only  once  in  8  or  9 
years.  The  fair  inference  is,  therefore,  that  in  this  district  as  well  aa 
m  others  where  similar  effects  are  observed,  too  much  lime  is  habitually 
added  to  the  land,  whereby  not  only  is  a  needless  expense  incurred,  but 
a  speedier  exhaustion  of  the  soil  is  insured.  Good  husbandry,  therefore, 
indicates  either  the  application  of  a  smaller  dose  at  the  recurrence  of  the 
wheat  crop— or  the  occasional  omission  of  lime  altogether  for  an  enure 
rotation.  The  practical  farmer  cannot  have  a  better  mode  of  ascer- 
taining when  his  land  is  thus  fully  supplied  with  lime — than  by  mak- 
ing the  trial  upon  alternate  ridges,  and  marking  the  effect. 

6^.  On  poor  arable  lands,  wiiich  are  not  naturally  so,  but  which  are 
worn  out  or  exhausted  by  repeated  liming  aud  cropping,  lime  produces 
DO  good  whateverf  (Anderson,  Brown,  Morton.^  Such  soils,  if  they  do 
cot  already  abound  in  lime,  are,  at  least,  equally  destitute  of  numerous 
other  kinds  of  food,  organic  and  inorganic,  by  which  healthy  plants  are 
nourished,— and  they  are  only  to  be  restored  to  a  fertile  condition  by  m 

*  '*  I  never  met,"  he  says.  "  with  a  poor  soil  In  its  mUtiral  ataie^  which  was  not  benefltted 
tn  hvery  great  degree  bv  calcareous  matter  when  administered  in  proper  qosntities.  Bol 
1  have  met  wfUi  several  rich  soils,  which  are  fallj  impregnated  with  dung,  oo  which  Hbm 
Applied  in  uaj  quanUty  produced  not  the  smallest  sensible  effect.'' 

t  "  It  is  scarcely  practicable  to  restore  fertility  to  land,  even  of  the  beat  natural  (jaaltty, 
irtiich  has  been  thus  abosod ;  and  thin  moorish  soils,  after  being  exhausted  by  Ume,  ara 
•ot  to  be  raatorsd.*'  (Brown.) 
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JQdicknMi  admixture  of  all  This  troth  is  confirmed  by  the  jiraetieal 
observation,  that  on  soils  so  exhausted  farm  yard  manuie  along  with 
the  lime  does  not  produce  tlie  same  good  results  as  in  other  cases.  AU 
that  the  soil  requires  is  not  supplied  in  sufficient  abundance  by  theato 
two  substaoces  laid  on  alone. 

7^.  On  lands  of  this  kind,  and  on  all  in  which  yegefable  matter  is 
wanting,  lime  may  even  do  harm  to  the  immediate  crop.  It  is  apt  to 
singe  or  bum  the  corn  sown  upon  them  (Brown)*— «n  effect  which  is 
probably  chemical,  but  which  may  in  part  be  owing  to  its  rendering 
more  open  and  friable  soils  already,  by  long  arable  culture,  too  open. 
(Morton.) 

8°.  A  consideration  of  the  cireumatances  above  adverted  to  explains 
why,  in  some  districts,  and  even  in  some  whole  provinces,  tlie  use  of 
lime  in  any  form  should  be  condemned  and  even  entirely  given  up. 
The  soil  has  been  impoverished  through  its  unskilful  appltcation-«K)r, 
by  large  admixtures  of  lime  or  marl  lor  a  series  of  years,  the  soil  has 
been  so  changed  as  to  yield  no  adequate  return  for  new  additions.  Thus 
lor  a  generation  or  two  the  practicesof  limine  and  marling  are  abandoned, 
to  be  slowly  and  reluctantly  resumed  agam,  when  natural  causes  have 
removed  the  lime  from  the  soil,  and  produced  an  accumulation  of  those 
other  substances  which,  when  associated  with  it,  contribute  to  the  pio- 
dinctiveness  of  the  land. 

§  17.  Effects  of  a$i  overdose  of  lime. 

There  are  several  eflects  whieh  are  familiar  to  the  practical  man  as 
more  or  leas  observable  when  lime  in  any  form  is  laid  too  lavishly  upon 
the  land.     Thus 

1^.  It  is  rendered  so  loose  by  an  overdose  as  to  be  capable  of  hold- 
ing no  water  (Karnes).  Upon  stiff  clays  a  very  large  quantity  indeed 
will  be  required  to  produce  this  eflfect. 

2^.  By  an  overdose  of  quick-lime  the  land  is  hardened  to  such  a  degree 
aa  to  be  impervious  to  water  or  to  the  roots  of  plants.  Several  parts  of 
the  Carse  of  (Cowrie  are  thus  rendered  so  hard  as  to  be  unfit  for  vegeta- 
tion— (Lord  Karnes*  Gentleman  Farmer,  edit.  1802).  This  effect  will 
be  observed  only  in  soils  which  are  naturally  wet  and  undrained,  or 
where  much  rain  has  fallen  and  Ibgered  on  the  land  after  the  lime 
has  been  applied  (p.  388). 

3^.  But  the  most  injurious  efllect  of  an  over-liming,  whether  it  be 
laid  on  at  one  or  at  successive  periods,  is  the  exhaustion  by  which  it  ia 
eocceeded.  **  An  overdose  of  shell-marl,*'  says  Lord  Karnes,  ^*  laid  per- 
haps an  inch  thick,  produces  for  a  time  large  crops,  but  at  last  renders 
the  soil  capable  of  bearing  neither  corn  nor  grass,  of  which  there  are 
many  examples  in  Scotland.**  The  same  is  true  of  lime  in  any  fbrm. 
TThe  increased  fertility  continues  as  long  as  there  remains  an  adequate 
•apply  of  organic  (animal  and  vegetable)  matter  in  the  soil,  but  as  that 
disappears  the  crops  every  year  diminish  both  in  quantity  and  in  quality. 

An  interesting  illustration  of  this  exhausting  power  of  lime  is  afforded 
by  the  observed  effects  of  long-continued  marling  upon  certain  poor  soils 
io  the  province  of  Isere,  in  France.  The  marl  there  employed  is  a 
dy  marl,  containing  from  30  to  60  per  cent,  of  carbonate  of  lim^- 
17» 


yerf  mneh  like  the  lifne-ennd  of  Irelnnd  or  the  shell-mnd  of  Ae  Weil- 
ern  lelands  already  described  (p.  371).  A  layer  of  thia  marl  one^third 
of  an  inch  thick,  applied  at  intenrale  to  a  soil  producing  in  its  natural 
state  only  a  three-fold  reium  of  rye  ev^ery  other  year,  cauees  it  to  yield 
for  the  first  10  or  12  years  an  eight-fold  rHum  ^wheat.  Bat  after  40 
years'  mariing,  the  fantters  now  complain  that  the  land  wiU  give  only  a 
K>ur-fold  return  of  wheat  But  the  eauee  of  this'  reduecion  is  to  be 
found  in  the  constant  etopfk^  with  com,  in  the  growing  of  no  green 
crops,  and  in  the  addition  ifrio  manure.  Yet  even  with  this  treat- 
.  ment  the  land  is  still  more  productive  than  before  the  marling  was  com- 
menced. It  produces  four  returns  instead  of  three,  and  it  grows  wheat 
where  before  only  rye  would  thrive  and  ripen. 

From  the  possession  of  this  exhauatinff  property  has  arisen  the  al- 
most universally  diffused  proverb,  that  7t9?ie  eftncAes  thefaiherebut 
impoveriahea  tfie  eons.  The  fault,  however,  is  not  in  the  Ume,  but  in 
the  improvident  fathers,  who  in  this  caee^  as  in  so  many  others,  exhaust 
and  inconsiderately  squander  the  inhentance  of  their  sons.  If  care 
be  taken  to  keep  up  the  supply  of  organic  matter  in.  the  ooil—by  copi- 
ous additions  of  manure  or  otherwise  (p.  380) — ^lime  may  be  added 
freely  and  a  system  of  hiffh  farming  kqpt  up,  by  which  both  the  pres- 
ent holder  of  Uie  land  and  his  succeasors  will  be  equally  benefitted. 

The  opinion  expressed  by  some  of  the  highest  authorities  amoD(r 
practical  men,  that  too  much  lime  cannot  be  added,  provided  the  sou 
abound  sufficiently  in  vegetable  matter,  may  perhaps  be  rather  over- 
stated ;  but  it  undoubted^  embodies  the  result  of  longnsontinued  gen- 
eral observation — ^that  the  exhausting  efiect  of  lime  may  be  postponed 
indefinitely  by  a  liberal  management  of  the  land.* 

§  18.  Length  of  time  during  t^ich  lime  acts. 

It  is  the  fate  of  nearly  all  the  superficial  improvements  of  the  soil, 
that  they  are  only  temporary  in  their  duration.  The  action  of  lime 
ceases  after  a  time,  and  the  land  returns  to  its  original  condition.  The 
length  of  time  which  must  elapse  before  this  takes  place  will  depend, 
amonff  other  circumstances,  upon  the  Quantity  of  lime  added  to,  or  ori- 
ginalfy  contained  in,  the  soil — ^upon  the  kind  of  cropping  to  which  it  is 
subjected — on  the  nature  of  the  soil  itself— on  the  slope  and  exposure 
and  natural  moisture  of  the  land,  and  on  the  climate  in  whicn  it  it 
situated. 

We  have  seen  that  on  the  arable  lands  of  the  south  of  Scotland  90 
Tears  is  the  longest  period  during  which  the  doses  there  applied  act 
Dcneficially  upon  the  crops — ^while  in  other  parts  of  the  country  re- 
newed applications  are  considered  necessary  at  much  shorter  intervals* 
Mr.  Dawson,  of  Frogden,  who  introduced  the  practice  of  liming  into  the 
Border  counties  of  Scotland,  observed  that,  wnen  harrowed  in  with  the 
mss  seeds,  its  effect  in  improving  the  subseouent  pasture  was  sensible 
hr  90  years  afler.    A  heavy  marling  or  chalking^*  in  the  southern  and 
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Midland  coitntiefl  of  England  ie  Raid  also  to  last  for  30  yean,  and  tlie 
eame  period  is  assio^ed  to  the  eonsible  effect  of  the  onUnary  doses  of 
lime^sand  in  Ireland,  and  of  Bhell-sands  and  marls  in  several  parts  of 
France. 

The  effect  of  the  lime  lessens  gradually,  and  though  at  the  end  of  an 
assignable  number  of  years  it  becomes  almost  insensible,  yet  it  does  not 
altogether  cease  till  a  much  later  period.  This  period  is  in  some  cases 
so  protracted  that  intelligent  practical  men  are  in  many  districts  to  be 
met  with  who  believe — ^Siat  certain  grass  lands  would  never  forget  a 
good  dose  of  lime  (p.  391,  note). 

§  19.  Of  the  sinking  of  lime  into  the  soil. 

One  of  the  causes  of  this  gradual  diminution  of  the  action  of  lime  is  to 
be  found  in  the  singular  property  it  possesses  of  slowly  sinking  into  the 
land,  until  it  almost  entirely  disappears  from  the  surface  soiL  It  has 
been  long  familiar  to  practical  men,  that  when  grass  lands,  which  have 
been  limed  on  the  sward,  are  after  a  time  broken  up,  a  white  layer  or 
band  of  lime  is  seen  at  a  greater  or  less  deptli  beneath  the  surface,  bu^ 
lodging,  generally,  where  it  has  attained  its  greatest  depth  between  the 
upper,  loose  and  fertile,  and  the  lower,  more  or  less  impervious  and  un- 
productive soil.  In  arable  lands  the  action  of  the  plough  counteracts 
this  tendency  in  some  measure,  bringing  up  the  lime  again  from  be- 
neath, and  keeping  it  mixed  with  the  surface  mould.  Yet,  through 
ploughed  land  it  sinks  at  length,  especially  where  the  ploughing  is 
shallow,  and  even  the  industry  oftheffardener  can  scarcely  prevent  it 
from  descending  beyond  the  reach  of  his  spade. 

The  chief  cause  of  this  sinking  is  to  be  found  in  the  extreme  minute- 
ness of  the  particles  into  which  slaked  lime  naturally  falls.  If  a  por- 
tion of  slaked  lime  be  mixed  with  water  it  forms  a  milky  mixture,  in 
which  some  lime  is  dissolved,  but  much  more  is  held  in  suspension  in 
en  extremely  divided  state.  When  this  milk  is  allowed  to  stand  undis- 
turbed, the  fine  particles  subside  very  slowly,  and  are  easily  again  dis- 
turbed, but  if  thrown  upon  a  filter  they  are  arrested  immediately,  and 
the  lime-water  passes  throusrh  cle^r.  Suppose  these  fine  particles  to 
be  mixed  with  the  .soil,  and  the  rain  to  fall  upon  them,  it  will  carry 
them  downwards  through  the  pores  of  the  soil  till  the  close  subsoil  acta 
the  part  of  a  filter,  and  arrests  them.  This  tendency  to  be  washed 
down  is  common  not  only  to  lime,  but  to  all  minutely  divided  earthy 
m€itter  of  a  stificiently  incoherent  nature.  Hence  the  formation  of  that 
more  or  less  impervious  layer  of  finely  divided  matter  which  so  of\en 
forms  the  subsoil  beneath  free  and  open  surface  soils.  And  that  lime 
should  appear  alone  or  chiefly  to  sink  on  any  cultivated  field,  may  arise 
from  this  circumstance — that  the  continued  action  of  the  rains  had  long 
before  carried  downwards  the  finer  incoherentparticlesof  other  kinds 
which  existed  naturally  in  the  soil,  and  therefore  could  find  little  else 
but  the  lime  on  which  this  action  could  be  exercised. 

This  explanation  is  satisfactory  enough  in  the  case  of  light  and  open 
coils,  which  are  full  of  pores,  but  it  appears  less  so  in  regard  to  stifi 
cltiys  and  to  loamy  soils,  which  are  not  only  close  and  apparently  void 
of  pores,  but  seem  themselves  to  consist  of  particles  in  a  sufficiently 
minute  state  of  division  to  admit  of  their  bemg  carried  down  by  tha 
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rains  in  an  equal  degree  with  lime  itself.  Tbifl  difficulty  induced  Lord 
Dundonald  to  suspect  the  agency  of  some  chemical  principle  in  produ- 
cing the  above  effect*  As  the  lime,  however,  is  unchanged  afler  it  has 
descended,  is  still  in  a  powdery^  state,  and  exlnbits  no  appearance  of 
having  been  dissolved;  it  is  difficult  to  imagine  cmy  chemical  action  by 
wliich  such  a  sinking  could  have  been  brought  about 

It  is  possible  that  in  grass  lands  the  eeurth-worms,  which  contribute  so 
much  to  the  gradual  production  of  a  fine  mould,  may,  by  bringinff  up 
the  other  earthy  matters  only,  contribute  to  the  apparent  sinking  of  the 
lime,  as  well  as  of  certain  other  top-dressings.t 

Tlie  eflects  of  this  sinking  are  to  remove  the  lime  from  the  surface 
soil,  and  to  form  a  layer  of  calcareous  matter  which  in  wet  or  imper- 
vious bottoms  will  harden  and  form  a  more  or  less  solid  bed  or  pan, 
through  which  the  rains  and  roots  refuse  to  penetrate,  and  whicnthe 
subsoil  plough  in  some  districts  can  tear  up  with  difficulty.  On  oor 
stiifer  soils  it  encourages  the  growth  of  the  troublesome  coltsfoot,  and  in 
the  open  ditches  of  the  wholesome  water-cress. 

The  practical  remedies  for  this  sinking  are  of  two  kinds : 

1°.  The  plouglun^  of  a  deeper  farrow,  and  hence  one  of  the  benefits 
which  in  man^L)cahties  follow  the  use  of  the  trench  plough  (p.  322). 

2°.  The  sowing  of  deep-rooted  suid  lime-loving  crops,  such  as  lucerne 
and  sainfoin,  which  In  such  soils  not  only  thrive,  but  bring  up  in  their 
stems,  and  restore  to  the  surface,  a  portion  of  th^  lime  which  had  pre- 
viously descended,  and  thus  make  it  available  to  the  ailer-crops. 

§  20.  Why  liming  must  he  repeated. 

Lime  which  sinks,  as  above  described,  does  not  wholly  escape  from 
the  soil,  but  may  by  judicious  management  be  again  brought  to  the 
sii rface.  Such  a  sinking,  therefore,  does  not  necessarily  call  for  the  ad- 
dition of  a  fresh  dose  of  lime,  nor  does  it  explain  tlie  reason  why  in  prac- 
tice the  appUcation  of  lime  to  the  land  must  at  ce^in  intervals  be  every 
where  repeated. 

We  have  already  seen  that  the  influence  of  the  lime  we  have  laid 
upon  our  fields  after  a  time  gradually  diminishes — the  grass  becomes 
sensibly  less  rich  year  by  year,  the  crops  of  corn  less  abundant,  the  kind 
of  grain  it  will  ripen  less  valuable.  Does  the  lime,  you  might  ask,  ac- 
tually disappear  from  the  soil,  or  docs  it  merely  cease  to  act?  This 
question  has  been  most  distinctly  answered  by  an  experiment  ofLam- 
padius.  He  mingled  lime  with  the  soil  of  a  piece  of  ground  till  it  was 
m  the  proportion  of  1*19  per  cent  of  the  whole,  and  he  determined  sub- 
sequently, by  analysis,  the  quantity  of  Ume  it  contained  in  each  of  the 
three  succeeding  years. 
The  first  year  it  contained  .  1-19  per  cent  carbonate  of  lime. 
The  second  year     ....    0-89        "  « 

The  third  year 0-52        "  « 

The  fourth  year 0-24        «  «J 

*  *'  In  cbkT^  ftnd  Vmmj  soils,  whldh  are  (1>'equaU7  dltfbalble  with  lime,  and  mMi\j  of  Ibt 
(Rme  ■peciflc  traviiy,  tte  tendency  which  Ume  oae  lo  elnk  cannot  be  eceoonteU  fot  ainplf 
on  mechanleaipriocqpiee."— Lord  Dundonald'a  AgriculXural  CSkmiatry,  p.  46. 

t  See  In  a  ■ubaequeot  lectnre  the  remarks  m  U/jfitif  down  to  gnm;  also  the  Antboc^ 
Etomento  ^AfrUiMund  Olcmitrry,  p.  812. 

%  aohttlar,  AgriailmfA  CkomU^  IL,  p.  ML 
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Tlwre  can  be  no  qaestioii,  tlierefore,  that  the  lime  gradui^y  di^ 
*or  ie  removed  from  the  soiL 

The  agencies  by  which  this  removal  is  effected  are  of  several  kinda. 

.  1^.  In  some  cases  it  sinks,  as  we  have  already  seen,  and  escapes  into 
the  subsoil  beyond  the  reach  of  the  plough  or  of  the  roots  of  our  cult^ 
vated  crops. 

2^.  A  considerable  quantity  of  lime  is  annually  removed  from  the 
soil  by  the  crops  which  are  reaped  from  it  We  have  already  seen 
(Lee.  X.,  §  4,)  that  in  a  four  years'  rotation  of  alternate  green  and  com 
crops  the  quantity  of  lime  contained  in  the  average  produce  of  good 
land  amounts  to  248  lbs.  This  is  equal  to  60  lbs.  of  quick-lime  or 
107  lbs.  of  carbonate  of  lime  every  year.  The  whole  of  this,  however, 
is  not  usually  lost  to  the  land.  Part  at  least  is  restored  to  it  in  the  ma- 
nure into  which  a  large  proportion  of  the  produce  is  usually  converted. 
Yet  a  considerable  quantity  is  always  lost — escaping  chiefly  in  the 
liquid  manure  and  in  the  draininfis  of  the  dung-heaps-^and  this  loris 
must  be  repaired  by  the  renewed  addition  of  hme  to  the  land. 

3^.  But  the  rains  and  natural  springs  of  water  ]>ercoIatin^  throufi^ 
the  soil  remove,  in  general,  a  stilt  greater  proportion.  While  in  the 
quick  or  caustic  state,  lime  is  soluble  in  pure  water.  Seven  hundred 
and  fifly  pounds  of  water  will  dissolve  aoout  one  pound  of  lime.  The 
rains  tliat  fall,  therefore,  cannot  fail,  as  they  sink  through  the  soii^  to 
dissolve  and  carry  away  a  portion  of  the  lime  so  long  as  it  remains  in 
.  the  caustic  state. 

Again^  quick-lime,  when  mixed  with  the  soil  speedily  attracts  car- 
bonic acid,  and  becomes,  alter  a  time,  converlea  into  carbonate,  which 
is  nearly  insoluble  in  pure  water.  But  this  carbonate,  as  we  have 
already  seen  (Lee  III.,  ^  1),  is  soluble  in  water  impregnated  with  car- 
bonic acid — and  as  the  drops  of  rain  in  falling  absorb  this  acid  from  the 
air,  they  become  capable,  when  they  reach  the  soil,  of  dissolving  an 
appreciable  quantity  of  the  finely  divided  carbonate  which  they  meet 
with  upon  our  cultivated  lands.  Hence  the  water  that  flows  from 
the  drains  upon  such  lands  is  always  impregnated  with  lime,  and 
sometimes  to  so  great  a  degree  as  to  form  calcareous  deposits  in  the  in- 
terior of  the  drains  themselves,  where  the  fall  is  so  gentle  as  to  allow  the 
water  to  linger  a  sufficient  length  of  time  in  the  soil. 

It  is  impossible  to  estimate  the  quantity  of  lime  which  this  dissolving 
action  of  the  rains  must  gradually  remove.  It  will  vary  with  the 
amount  of  rain  which  falls  in  each  locality,  and  with  the  slope  or  inclina- 
tion of  the  land ;  but  the  cause  is  at  once  universal  and  constantly  oper> 
ating,  and  would  alone,  therefore,  render  necessary,  afler  the  lapse  of 
years,  the  application  of  nejr  doses  of  lime  both  to  our  pastures  and  to 
our  arable  neids. 

4^.  During  the  decay  of  vegetable  matter,  and  the  decomposition  of 
mineral  compounds,  which  take  place  in  the  soil  where  lime  is  present, 
new  combinations  are  formed  in  variable  Quantities  which  are  more  so- 
hible  than  the  carbonate,  and  which  therefore  hasten  and  facilitate  this 
ivnsbing  out  of  the  lime  by  the  action  of  the  rains.  Thus  chloride  of 
caicitim,  nitrate  of  lime,  and  gypsum,  are  all  produced-;— of  which  the 
two  former  are  eminenUy  soluble  in  water — while  organic  acids  also  re- 
floh  tVom  the  decay  of  the  organic  matter,  with  some  of  which  the  lime 
I  rmdily  soluble  eompoimdi  (salts)  easily  removed  by  water. 
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The  ultimate  resolution  of  all  vegetable  matter  in  the  soil  into  cwbo- 
nic  acid  and  water  (Lee.  VIIL^  §  3,)  likewise  aids  the  removal  of  the 
lime.  For  if  the  soil  be  everywhere  impregnated  with  carbonic  acid, 
the  rain  and  spring  waters  that  Aow  through  it  will  also  become  charg- 
ed with  this  CBS,  and  thus  be  enabled  to  d^solve  a  larger  portion  of  the 
carbonate  oflime  than  they  could  otherwise  do.  Thus  theory  «4ndi- 
eates.  what  I  believe  experience  confirms,  that  a  given  quantity  oflime 
will  disappear  the  sooner  from  a  field,  the  more  abundant  the  animal 
and  vegetable  matter  it  contains. 

§21.  Theory  qfUie  action  oflime. 

Lime  acts  in  two  ways  upon  the  soiL  It  produces  a  mechanieal  al- 
teration which  is  simple  and  easily  understood,  and  is  the  cause  of  a 
series  o^  chemical  changes,  which  are  really  obscure,  and  are  as  yet 
susceptible  of  only"  partial  explanation. 

In  the  finely  divided  state  of  quick-hme,  of  slaked  lime,  or  of  soft 
and  crumbling  challc  it  stiffens  very  loose  soils,  and  opens  the  stifler 
clays, — while  in  the  u>rm  of  limestone  gravel  or  of  shell-sand,  it  may 
be  employed  either  for  opening  a  clay  soil  or  for  giving  body  and  firm- 
ness to  boggv  land.  These  effects,  and  their  explaunation,  are  so  obvi- 
ous to  you,  that  it  is  unnecessary  to  dwell  upon  them. 

The  purposes  served  by  lime  as  a  chemical  constituent  of  the  soil  are 
at  least  of  four  distinct  kinds. 

1°.  It  supplies  a  kind  of  inorganic  food  which  appears  to  be  necessa- 
ry to  the  healthy  growth  of  all  our  cultivated  plants. 

2<'.  It  neutralizes  acid  substances  which  are  naturally  formed  in  the 
soil,  and  decomposes  or  renders  harmless  other  noxious  compounds 
which  are  not  unfrequently  within  reach  of  the  roots  of  plants. 

3°.  It  changes  the  inert  vegetable  matter  in  the  soil,  so  as  gradoal- 
iy  to  render  it  useful  to  vegetation. 

4^.  It  causes,  facilitates,  or  enables  other  useful  compounds,  both 
organic  and  inorganic,  to  be  produced  in  the  soil,— or  so  promotes 
the  decomposition  of  existing  compounds  as  to  prepare  them  more 
speedily  for  entering  into  the  circulation  of  plants. 

These  several  m^es  of  action  it  will  be  necessary  to  illustrate  in 
eome  detail. 

§22.  Of  lime  as  the  food  of  planU. 

In  considering  the  chemical  nature  of  the  ash  of  plants  (Lee.  X., 
§  3  and  4),  we  nave  seen  that  lime  in  all  cases  forms  a  considerable 
proportion  of  its  whole  weight  Hence  the  reason  why  lime  is  re- 
garded as  a  necessary  food  of  plants,  and  hence  also  one  cause  ofiti 
benefi "ial  influence  in  general  agricultural  practice. 

The  quantity  of  pure  lime  contained  in  the  crops  produced  upon  one 
acre  during  a  four  years'  rotation  amounts,  on  an  average,  to  248  Iba. 
which  are  equal  to  about  430  lbs.  (say  4  cwt  )  of  carbonate  oflime,  m 
the  state  of  marl,  shell-sand,  or  lime-stone  gravel.  (See  Lee  X.,  §  3.) 
It  is  obvious,  therefore,  that  one  of  the  most  intelligible  purposes  eerred 
by  lime,  as  a  chemical  constituent  of  the  soil,  is  to  supply  this  oomp«vft- 
tively  large  quantity  oflime,  which  in  some  form  or  omer  most  i 
into  the  roots  of  plants. 
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But  the  different  crops  which  we  grow  contain  lime  in  unlike  propor- 
tions. Thus  the  average  produce  of  aii  acre  of  land  under  the  follow- 
iDg  crops  contains  of  lime — 


or  VDoCa.       8tnw  or  ton.         TotaL 

Wheat,  25  bushels,  .    •    .    1-5  7-2  8-7  lbs. 


Barley,  38  bushels, 
Oats,  50  bushels^  . 
Turnips,  25  tons, . 
Potatoes,  9  tons,  . 
Red  clover,  2  tons, 
Rye  grass,  2  tons, 


21  12-9  aSO  lbs. 

2-5  5-7  8-2  lbs. 

45-8  930  138-8  Iba 

6-6  259-4  266-0  lbs. 

,  —  126-0  1260  lbs. 

,  —  33-0  33-0  lbs. 

These  quantities  are  not  cofistaat,  and  wheat  especially  contains 
nnich  more  Ume  than  is  above  stated,  when  it  is  grown  upon  land  to 
w)iich  Ume  has  been  copiously  appUed.  But  the  very  diiierent  quanti- 
ties contained  in  the  several  crops,  as  above  exhibited,  shew  that  one 
reason  why  lime  favours  the  growth  of  some  crops  more  than  others  is, 
that  some  actually  take  up  a  larger  quantity  or  lime  as  food.  These 
crops,  therefore^  require^e  presence  ofUme  in  greater  proportion  in  the 
soil,  in  order  that  they  may  be  able  to  obtain  it  so  readily  that  no  delay 
may  occur  in  the  performance  of  those  functions  or  in  the  growth  of  those 
parts  to  which  lime  is  indispensable. 

{  23.  The  chemical  action  of  lime  is  exerted  chiefly  upon  the  organic 
matter  of  the  soil. 

There  are  four  circumstances  of  great  practical  importance  in  regard 
to  the  action  of  lime,  which  cannot  be  too  carefully  considered  in  refe- 
rence also  to  the  theory  of  its  operation.    These  are — 

1°.  That  lime  has  little  or  no  effect  upon  soils  in  which  organic  mat- 
ter is  deficient 

2°.  That  its  appcurent  effect  is  inconsiderable  during  the  first  year 
afler  its  appUcation,  compared  with  that  which  it  produces  in  the  second 
and  third  years. 

3°.  That  its  efiect  is  most  sensible  when  it  is  kept  near  the  surface  of 
the  soil,  and  gradually  becomes  less  as  it  sinks  towards  the  subsoil. 
And, 

4^.  That  under  the  influence  of  lime  the  organic  matter  of  the  soil 
disappears  more  rapidW*  than  it  otherwise  would  do,  and  that  afler  it 
has  thus  disappeared  fresh  additions  of  lime  produce  no  further  good 
effect. 

It  is  obvious  from  these  facts,  that  in  general  the  main  beneficial  par- 
pose  served  by  lime  is  to  be  sought  for  in  the  nature  of  its  chemical  ac- 
tion upon  the  organic  matter  of  the  soil — an  action  which  takes  place 
slowljT,  which  is  hastened  by  the  access  of  air,  and  which  causes  the 
organic  matter  itself  ultimately  to  disappear. 

$  24.  Of  the  forms  in  which  organic  matter  usually  earists  inthe  sail, 
and  circumstances  under  which  its  decomposition  rnay  take  place. 

I. — The  organic  matter  which  lime  thus  causes  to  disappear  is  pre- 
sented to  It  in  one  or  other  of  ^ve  different  forms : 

1^.  In  that  of  recent  oflen  green,  moist,  and  tmdeeompoeed  rooti, 
leaves,  and  stems  of  plantnk 
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2^.  In  that  of  dry,  and  still  tmdecomposedj  vegetable  matter,  saeh 
as  straw. 

3^.  In  a  more  or  less  decayed  or  decaying  state,  generally  Uack  or 
brown  in  colour — and  often  m  some  degree  soluble  in  water. 

4^.  In  what  is  called  the  inert  state,  when  spontaneous  decay  ceases 
to  be  sensibly  observed.    And 

5^.  Ip  the  state  of  chemiced  combination  with  the  earthy  substances 
— ^with  the  alumina  for  example,  and  with  the  lime  or  magnesia— al- 
ready existing  in  the  soil. 

*     Upon  these  several  varieties  of  organic  matter  lime  acts  with  differ- 
ent degrees  of  rapidity. 

II. — The  final  result  of  the  decomposiiion  of  these  several  forms  of 
organic  matter,  when  they  contain  no  nitroffen,  is  their  conversion  iols 
carbonic  acid  and  water  only  (Lee  VII I.,  f  3).  They  pass,  however, 
through  several  intermediate  stages  befpre  they  reach  this  point*-tfae 
number  and  rapidity  of  which,  and  the  kind  of  changes  they  undergo 
at  each  stage,  depend  upon  the  circumstances  under  which  tne  decomf- 
position  is  effected.    Thus  the  substance  raa^  decompose — 

1°.  Alone^  in  which  case  the  changes  that  occur  proceed  slowly,  and 
arise  solely  from  a  new  arrangement  of  its  own  particles.  This  kmd  of 
decomposition  rarely  occurs  to  any  extent  in  me  soil. 

2^.  In  the  presence  of  water  only. — This  also  seldom  takes  place  in 
the  soil.  Trees  long  buried  in  moist  clays  impervious  to  air  exhibit  the 
kind  of  slow  alteration  which  results  from  the  presence  of  water  alone. 
In  the4)ottoms  of  lakes,  ditches,  and  boggy  places  also,  from  which  in- 
flammable gases  arise,  water  is  the  principal  cause  of  the  more  rapid 
decomposition. 

3^.  tn  the  presence  of  air  only, — ^In  nature  organic  matter  is*  never 
placed  in  this  condition,  the  air  of  our  atmosphere  being  aJ  ways  largely 
mixed  with  moisture.  In  dry  air  decomposition  is  exceedingly  slow, 
and  the  changes  which  dry  organic  substances  undergo  in  it  are  often 
scarcely  perceptible. 

4^.  In  the  'fresenoe  rfbotk  water  and  air. — This  is  the  almost  uni- 
versal condition  of  the  organic  matter  in  our  fields  and  farm-yards. 
The  joint  action  of  air  and  water,  and  the  tendency  of  the  eleroentBof 
the  organic  matter  to  enter  into  new  combinations,  cause  new  chem- 
ical changes  to  succeed  each  other  with  much  rapidity.  It  will  of 
course  be  understood  that  moderate  warmth  is  necessary  to  the  pro- 
duction of  these  effects.* 

5®.  In  the  presence  of  lime,  or  of  some  other  alkaline  substance  (pot- 
ash, soda,  or  magnesia). — Organic  matter  is  often  found  in  the  soil  in 
such  a  state  that  the  c^injoined  dction  of  both  air  and  water  are  unable 
to  hasten  on  its  decomposition.    A  new  chemical  ageney  must  then  be 

'  A  fmnlllar  Illustration  of  the  conjoined  emcar.y  of  air  and  water  in  prodnctnf  oiidation  It 
ckbfbtted  in  their  art4on  apon  iron.  If  a  pieee  of  polished  Iron  be  kopl  In  pcrftcil/  dry  air 
It  will  not  rust.  Or  If  It  be  compietelj  covered  over  with  pnre  water  In  a  well  aloppered 
botile.  fW>m  whieh  atr  Is  exeloded.  It  will  remain  brifht  and  unurnished.  Bnt  If  a  pollshsd 
rod  of  iron  be  put  into  an  open  vessel  half  full  of  water,  so  ihai  one  part  of  Its  Icnjj'h  o«ly 
is  under  water— then  the  rod  will  begin  very  soon  to  rust  at  ihe  wurfaee  of  the  water,  and  • 
brown  oehrey  ring  of  oxide  will  form  anraad  It,  exartly  where  t)i«  air  and  water  aatt 
Tnm  tliia  point  the  rust  will  cradaallir  spread  upwards  and  downwarda.  So  it  la  with JM 
organic  matter  of  the  soil  Wlierever  the  ahrand  water  meet,  their  dscompoaliig  aottaa 
upon  It,  la  ordinary  tempsntorss,  soon  bseomss  f '^'' 
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introduced,  by  which  the  elements  of  the  organic  mattlsr  may  again  be 
set  in  motion.  Lime  is  the  agent  which  for  this  purpose  is  most  large- 
ly employed  in  practical  agriculture. 

§  25.  General  action  of  alkaline  substances  upon  organic  matter. 

It  is  this  action  of  alkaline  matters  upon  the  organic  substances  of  the 

soil  in  the  presence  of  air  and  water  that  we  are  principally  to  investigate. 

When  organic  matter  undergoes  decay  in  the  presence  of  air  and 

water  only,  it  first  rots,  as  it  is  called,  and  blackens,  giving  off  water 

or  its  elements  chiefly,  and  forming  humus — a  mixture  of  humic,  ulmie, 

and  some  other  acids,  (Lee.  XIIL,  §  l,"^  with  decaying  vegetable  fibre. 

'    It  then  commences,  at  the  expense  or  the  oxygen  of  the  air  and  of 

water,  to  form  other  more  soluble  acids  (malic,  acetic,  lactic,  crenic* 

mudesic,  dec.,)  among  which  is  a  portion  of  carnonic — and,  by  the  aia 

of  the  hydrogen  of  me  water  which  it  decomposes,  one  or  more  of 

the  many  compounds  of  carbon  and  hydrogen,  which  oflen  rise  up, 

&a  the  marsh-p^as  does,  and  escape  into  the  air,  (Lee.  VIIL,  §  3.) 

Thus  there  is  a  tendency  towards  the  accumulation  of  acid  substances 
of  vegetable  origin  in  the  soil,  and  this  is  more  especially  the  case  when 
the  soil  is  moist,  and  where  much  vegetable  matter  abounds.  The  effect 
of  tills  Buper-abundance  of  acid  matter  is,  on  the  one  hand,  to  arrest  the 
further  natural  decay  of  the  organic  matter,  and,  on  the  other,  to  render 
the  soil  unfavorable  to  the  healthy  growth  of  young  or  tender  plants. 

The  general  effect  of  the  presence  of  alkalme  sm>stances  in  the  soil 
is  to  counteract  these  two  evils.  They  combine  with  and  thus  remove 
the  sourness  of  the  acid  bodies  as  they  are  formed.  In  consequence  of 
this  tlie  soil  becomes  sweeter  or  more  propitious  to  vegetation,  while  the 
natural  tendency  of  the  vegetable  matter  to  decay  is  no  longer  arrested. 
It  is  thus  clear  that  an  immediate  ^od  effect  upon  the  land  must  fol- 
low eitlier  from  the  astificial  application  or  from  the  natural  presence  of 
alkaline  matter  in  the  soil — ^while  at  the  same  time  it  win  cause  the 
vegetable  matter  to  disappear  more  rapidly  than  would  otherwise  be 
the  case.  But  the  effect  of  such  substances  does  not  end  here.  They 
actuaPi'  dispose  or  provoke — •pre-dispose^  chemists  call  it — the  vegeta- 
ble matter  to  continue  forming  acid  substances,  in  order  that  they  may 
combine  with  them,  and  thus  cause  the  organic  matters  to  disappear 
more  rapidly  than  they  otherwise  would  do — in  other  words,  they 
hasten  forward  the  exhaustion  of  the  vegetable  matter  of  the  soil. 

Such  is  the  general  action  of  all  alkaline  substances.  This  action 
they  exliibit  even  in  close  vessels.  Thus  a  solution  of  grape  sugar, 
mixed  with  potash,  and  left  in  a  warm  place,  slowly  forms  meUusic 
acid — while  in  cold  lime-water  the  same  sugar  is  gradually  converted 
into  another  acid  called  the  glucic.  But  in  the  air  other  acids  are 
formed  in  the  same  mixtures,  and  tlie  changes  proceed  more  rapidly. 
Such  is  the  case  also  in  the  soil,  where  the  elements  of  the  air  and 
o£  water  are  generally  at  hand  to  favor  the  decomposition. 

But  the  nature  of  the  alkaline  matter  which  is  present  determines 
aJso  the  rapidity  with  which  such  changes  are  produced.  The  most 
po-werful  alkaline  substances — potash  and  soda — produce  all  the  above 
efiects  most  quickly;  lime  and  magnesia  are  next  in  order;  and  the 
alumina  of  the  clay  soils,  though  much  inferior  to  all  of  these,  is  fhr 
fitnn  being  without  an  important  influence. 
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Hence  one  of  the  benefits  which  result  from  the  use  of  wood-ashes 
oontainiag  carbonate  of  potash,  when  employed  in  small  quantities, 
and  alonff  with  vegetable  and  animal  manures,  as  they  are  in  this  coun- 
try ;  but  hence  also  the  evil  effects  which  are  found  to  follow  from  the 
application  of  them  in  too  large  doses.  Thus  in  countries  where  wood 
abounds,  and  where  it  is  usual,  as  in  Sweden  and  Northern  Russia, 
to  bum  the  forests  and  to  lay  on  their  ashes  as  mcuiure,  the  tillage 
can  be  continued  for  a  few  years  only.  Ailer  one  or  two  crops  the 
lan4  is  exhausted,  and  must  again  be  lefl  to  its  natural  produce. 

J  26.  Special  effects  of  caustic  lime  upon  the  several  varieties  of 
organic  matter  in  the  soiL 

The  effects  of  lime  upon  organic  matter  are  precisely  the  same 
in  kind  as  those  of  the  alkalies  m  general.  They  are  only  less  in  de- 
gree, or  take  place  more  slowly,  than  when  soda  or  potash  is  em- 
ployed. HenCe,  the  greater  adaptation  of  lime  to  the  purposes  of 
practical  agriculture. 

1°.  Action  of  caustic  lime  alone  upon  vegetable  mcUter, — If  the  fresh 
leaves  and  twigs  of  plants,  or  blades  and  roots  of  grass,  be  introduced 
into  a  bottle,  surrounded  with  slaked  lime,  and  corked,  they  will  slowly 
undergo  a  certain  change  of  color,  but  they  may  be  preserved,  it  is 
said,  for  years,  without  exhibiting  any  striking  change  of  texture  (Mr. 
Garden.)  If  dry  straw  be  so  nuxed  with  slaked  lime,  it  will  exhibit 
still  less  alteration.  In  either  case  also  the  changes  will  be  even  less 
perceptible,  if,  instead  of  hydrate  of  lime,  the  carbonate  (or  mild  lime,) 
m  any  of  its  forms,  be  mixed  with  these  varieties  of  vegetable  matter. 
On  some  otlier  varieties  of  vegetable  matter, — such,  for  example,  as  are 
undergoing  rapid  decay,  or  have  ai ready  reached  an  advanced  stage  of 
decomposition, — an  admixture  of  slaked  lime  produces  certain  percepti- 
ble changes  immediately,  and  mild  lime  more  slowly,  but  these  changes 
being  completed,  the  tendency  of  lime  alone  is  to  arrest  rather  than  to 
promote  further  rapid  alterations.  Hence,  the  following  opinions  of 
experienced  practical  observers  must  be  admitted  to  be  theoretically 
correct — in  so  far  eis  they  refer  to  the  action  of  lime  alone, 

"  If  straw  of  long  dung  be  mixed  with  slaked  lime,  it  will  be  pre- 
served." (Morton,  On  SoilSy  3d  edition,  ]^.  181.) 

^  Lime  mixed  in  a  mass  of.  earth  containing  the  live  roots  and  seeds 
of  plants,  will  not  destroy  them."  (Morton.) 

"  Sir  H.  Davy's  theory,  that  hme  dissolves  vegetable  matter,  is 
given  up ;  in  fact,  it  haraens  vegetable  matter.  (Mr.  Pusey,  Boyal 
Agricultural  Journal,  iii.,  p.  212. 

These  opinions,  I  have  said,  are  probably  correct  in  so  far  as  re- 
gards the  unaided  action  of  lime.  They  even  express,  with  an  ap- 
g roach  to  accuracy,  what  will  take  place  in  the  mterior  of  compost 
eap  of  a  certain  kind,  or  in  some  dry  soils ;  but  that  they  cannot 
apply  to  the  ordinary  action  of  lime  upon  the  soil  is  proved  by  the 
other  result  of  universal  observation,  that  lime,  so  far  from  preserv- 
ing the  organic  matter  of  the  land  to  which  it  is  applied,  in  realitf 
wastes  it — causes,  that  is,  or  disposes  it  to  disappear. 

2^.  Action  ofcatistic  lime  on  organic  matter  in  the  presence  of  air 
and  water, — In  the  presence  of  air  and  water,  when  assisted  by  a 
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Ik^aring  tanjKrtitQre,  Tegetable  matter,  as  we  hare  already  seen, 
undergoes  qKntaaeooB  decompoaitioD.  In  the  same  circumstances 
lime  promotes  and  sensibly  hastens  this  decomposition, — altering  the 
Ibrms  or  stages  through  which  the  organic  matter  must  pass — ^bnt 
bringing  about  more  speedily  the  final  conyenion  into  carbonic  acid 
and  water.  During  its  natond  decay  in  a  moist  and  open  soil,  organic  ^ 
matter  gives  off  a  portion  of  carbonic  acid  gas,  which  escapes,  and 
forms  certain  other  acids  which  remain  in  the  dark  mould  of  the  soil 
itself.  When  quick  or  slaked  lime  is  added  to  the  land,  its  first  effect 
is  to  combine  with  these  acids— to  form  carbonate,  humate,  &c..  of 
lime—till  the  whole  of  the  acid  matter  existing  at  the  time  is  taken 
up.  That  portvMi  of  the  lime  which  remains  uneombined,  either  slowly 
absorbs  carbonic  acid  from  the  air  or  unites  wilh  the  carbonate  already 
formed,  to  produce  the  known  compound  of  hydrate  with  carbonate 
of  lime, — (tnat  compound,  namely,  wnich  is  produced  when  quick-lime 
riakes  spontaneously  in  tne  aii^— ^0ee  p.  368,; — ^¥raiting  in  this  state  in 
the  soil  till  some  fresh  portions  of  acid  matter  are  formed  with  which 
it  may  combine.  But  it  does  not  inactivel^r  wait ;  it  persuades  and 
influences  the  organic  matter  to  combine  with  the  ox]^gen  of  the  air 
and  water  with  which  it  is  surroimded,for  the  production  of  such  add 
substances — tiU  finally  the  whole  of  the  Inne  becomes  combined  either 
with  carbonic  or  with  some  other  acid  of  organic  oriffin. 

Nor  at  this  stage  are  the  action  and  influence  of  lime  observed  to 
cease.  On  the  contrary,  this  result  will,  in  most  soils,  be  arrived  at  in 
the  course  of  one  or  two  years,  while  the  beneficial  action  of  the  Ihne 
itseh'may  be  perceptible  for  20  or  30  yearsw  Hence  there  is  much  ap- 
parent ground  for  uie  opinion  of  Lord  Karnes,  <^  that  lime  is  as  effica- 
cious in  its  (so  called^  effete  as  in  its  caustic  state."  Even  the  more 
strongly  expressed  opinion  of  the  same  acute  observer,  "  that  lime  pro- 
duces little  effect  upon  vegetables  till  it  becomes  effete" — derives  much 
support  from  experience — since  lime  is  known  to  have  comparatively 
little  efiect  upon  the  productivenesB  of  the  land  till  one  or  two  years 
efler  its  apphcation ;  and  this  period,  as  I  have  said,  is  in  most  locali- 
ties sufficient  to  deprive  even  slaked  lime  of  all  its  caustic  properties. 

Of  the  saline  compounds,  (saline  compounds  or  salts  are  always 
formed  when  RmC;  magnesia,  potash,  soda,  dtc,  combine  with  acids,) 
which  caustic  lime  thus  forms,  either  immediately  or  ultimately,  some, 
like  the  carbonate  and  humate,  being  very  sparingly  soluble  in  water, 
remain  more  or  less  permanently  in  the  soil ;  otl^rs,  like  the  acetate 
of  lime,  being  readily  soluble,  are  either  washed  out  by  the  rains  or 
are  sucked  up  by  the  roots  of  the  growing  plants.  In  the  former  case 
^ey  cause  the  removal  of  both  organic  matter  and  of  lime  from  the 
land ;  in  the  latter  they  supply  the  j^ant  with  a  portion  of  organic  food, 
and  at  the  same  time  with  ume'— without  which,  as  we  have  frequent- 
ly before  remarked,  plants  cannot  be  maintained  in  their  most  healthy 
condition.  ^ 

{  27.  Action  ofmiid  (or  carbonate  qf)  lime  upon  the  vegetable  rnatter 
of  the  aoil. 

The  main  utility  of  lime,  therefore,  depends  upon  its  polonged 
tfrfbr-actton  upon  the  vegetable  matter  of  the  soiL  What  is  this  ac* 
turn,  and  in  wnat  consist  the  benefits  to  which  it  gives  rise  ? 
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Id  answerinff  this  ouesdon,  it  is  of  imjportanee  to  dbwnre  tint  idl 
the  effects  nroduced  hy  alkaline  matter  m  general — ^whether  by  lime 
or  by  potafm — in  the  caustic  state,  are  produced  in  kini  also  by  the 
same  substances  in  the  state  of  caiixinate.  The  carbonic  acid  witib 
which  they  are  united  is  retained  by  a  comparatively  feeble  affiuitjr. 
and  is  displaced  with  greater  or  less  ease  by  ahnost  every  other  acid 
compound  which  is  produced  in  the  soil.  With  this  displacement  is 
connected  an  interesting  series  of  beautiful  reactions^  wnich  it  is  of 
coniaequence  to  understand. 

You  will  recollect  that  the  great  end  which  nature,  so  to  speak,  has 
in  view,  in  all  the  changes  to  which  she  subjects  organic  matter  in  this 
soil,  is  to  convert  it— with  the  ezcejption  of  its  nitrogen — ^ioto  carbonic 
acid  and  water.  For  this  purpose  it  combines  at  one  time,  with  the 
oxygen  of  the  air,  while  at  another  it  decomposes  water  and  unites  with 
the  oxygen  or  the  hydrogen  which  are  liberated,  or  with  both,  to  form 
new  chemical  combinations.  Each  of  these  new  combinations  is  either 
immediately  preliminary  to  or  is  attended  by  the  conversion  of  a  por- 
tion to  the  elements  of  the  organic  matter  mto  one  or  other  of  those 
simpler  forms  of  matter  on  which  |^ants  live.  Now  during  these  pre- 
liminary or  preparatory  steps,  acid  substances,  as  I  have  already  ex- 
plained, are  among  others  constantly  produced.  With  these  acids,  the 
carbonate  of  lime,  when  present  in  the  soil,  is  ever  ready  to  combine. 
But  in  so  combining,  it  gives  off  the  carbonic  acid  with  which  it  is  al- 
ready united,  and  thus  a  continual,  slow  evolution  of  carbonic  acid  is 
kept  up  as  long  as  any  undecomposed  carbonate  remains  in  the  soil 

I  do  not  attempt  to  specify  by  name  the  various  acid  substances 
which  are  thus  formed  during  the  oxidation  of  the  organic  matter,  and 
which  successively  unite  with  the  lim\&,  because  the  entire  series  of 
interesting  and  highly  important  changes,  which  organic  substances 
undergo  in  the  sou,  has  as  yet  been  too  little  investigated,  to  permit 
us  to  do  more  than  speak  in  general  terms  of  the  nature  of  the  cho* 
raical  compounds  which  are  most  abundantly.produced*  Of  two  facts, 
however,  in  regard  to  them,  we  are  certain — ^that  they  cu-e  simpler  in 
their  constitution  than  the  original  organic  matter  itself,  from  which 
they  are  derived— and  that  Uiev  have  a  tendency  to  assume  still 
simpler  forms,  if  thev  continue  to  De  exposed  to  the  same  united  action 
of  air,  water,  and  alkaline  substances. 

Hence  the  compounds  which  lime  has  formed  with  the  acid  sub- 
stances of  the  soil,  themselves  hasten  forward  to  new  decompositions^ 
— unite  with  more  oxygen,  liberate  slowly  portion  ailer  portion  or 
their  carbon  in  the  form  of  carbonic  acid,  and  of  their  hjrdrogen  in  the 
form  of  water,  till  at  length  the  lime  itself  is  lefl  a£[&p  in  the  state 
of  carbonate,  or  in  union  with  carbonic  acid  only.  This  residual  car- 
bonate begins  again  the  same  round  of  changes  through  which  it  had 
previously  passed.  It  gives  up  its  carbonic  acid  at  the  bidding  of 
some  more  powerful  organic  eu^id  j^roduced  in  its  neighborhood,  while 
this  acid,  by  exposure  to  the  due  influences,  undergoes  new  altera- 
tions till  it  also  18  finally  resolved  into  carbonic  acid  and  water. 

Two  circumstances  are  deserving  to  be  borne  in  mind  in  reference 
to  these  successive  decompositions-^/frst,  that  in  the  course  of  them 
more  sohible  compounds  of  lime  are  now  and  then  formed,  soma  of 
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which  are  waafaed  out  by  the  raini,  and  escape  from  the  soil,  while 
others  minister  to  the  growth  or|>laats ;— and  second,  that  very  much 
carbonic  acid  is  produced  as  their  final  result — of  which  also  part  is 
taken  up  by  the  roots  of  plants,  and  part  escapes  into  the  air.  Thus 
at  eveiy  successive  stage  a  portion  of  organic  matter  is  lost  to  the 
aoil.  If  this  quantitv  be  greater  than  that  which  is  yearly  gained  in 
the  form  of  roots  or  decaved  leaves  and  stems  of  plants,  or  of  manure 
artificially  added,  the  soil  will  be  gradually  exhausted— if  less,  it  will 
every  year  beccmie  more  rich  in  vegetable  matter. 

It  is  also  to  be  borne  in  mind,  that  although,  for  the  purpose  of  il- 
lustration, I  havQ  supposea  the  carbonate  of  lime  first  formed  in  the 
aoil  to  be  subseauently  combined  with  other  acids,  which  gradually 
decompose  and  leave  it  again  in  the  state  of  carbonate,~yet  it  will 
rarely  happen  that  the  whole  of  the  xarbraate  of  Ihne  in  the  soil 
will  be  in  any  of  these  new  states  of  combination.  In  general,  a  part 
of  it  only  is  thus  at  cmy  one  time  employed  in  working  up  the  su^id 
substances  produced,  but  it  is  necessary  that  it  should  be  univer- 
sally diffused  through  the  soil  in  order  that  it  may  be  everywhere  at 
hand  to  perform  the  important  part  of  its  functions  above  explained. 
It  is  onlj  where  httle  hme  is  present,  or  where  decaying  vegetable 
matter  is  in  exceeding  abundance,  that  the  whole  of  the  caroonate 
can  atone  and  the  same  time  disajqpear  (p.  380.) 


The  changes,  therefore,  which  lime  and  organic  matter,  supposed' 
to  be  free  from  nitrogen,  respectively  undergo,  and  their  mutual  ac- 
tion in  the  soil,  may  be  summed  up  as  follows : — 

1°.  The  organic  matter,  under  the  influence  of  air  and  moisture, 
spontaneously  decomposes,  and  besides  carbonic  acid  which  escapes, 
forms  also  other  acid  substances  which  linger  in  the  soil. 

2°.  With  these  acids  the  quick-lime  combines,  and,  either  by  its 
union  with  them  or  with  carbonic  acid  from  the  air,  soon  (compara- 
ratively )  loses  its  caustic  state. 

3\  The  production  ofacidsubstan^  by  the  oxidation  of  the  organ- 
ic matter — goes  on  more  rapidly  under  the  disposing  influence  of  the 
lime,  whether  caustic  or  carbonated.  These  acids  combine  ^ith  the 
lime,  hberating  from  it.  when  in  the  state  of  carbonate,  a  slow  but 
constant  current  of  caroooic  acid,  upon  which  plants  at  least  partly 
live. 

4°.  The  organic  acid  matter  which  thus  unites  with  the  lime  con- 
tinues itself  to  be  acted  upon  by  the  air  and  water,  aided  by  heat  and 
light — ^itself  passes  through  a  succession  of  sta^^  of  decomposition. 
at  each  of  wnich  it  gives  off  water  or  carbonic  acid,  retainmg  still 
its  hold  of  the  lime,  tw  at  last  being  wholly  decomposed  it  leaves  the 
lime  again  in  the  state  of  carbonate,  ready  to  begm  anew  the  same 
round  of  change. 

Dunng  this  series  of  progressive  decompositions,  certain  more  so- 


luble compounds  of  lime  are  formed,  by  which  plants  are  in  part  at 
least  supplied  with  this  earth,  and  which  with  the  aid  of  the  rain* 


earry  off  ooth  lime  and  organic  matter  from  the  soiL 

And,  agaioi  the  more  rapid  the  production  of  the  acid  lobatancet 
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which  result  ftom  the  union  of  the  organic  matter  with  oxygfen,  the 
more  abundant  in  general  also  the  production  of  those  gaseous  and 
▼obitile  compoijinds  which  they  form  by  uniting  with  hydrogen,  so 
that  in  promoting  the  formation  of  the  one  class  of  bocties,  lime  also 
fkvors  the  evolution  of  the  other  in  greater  abundance,  and  thus  in 
a  double  measure  contributes  to  the  exhaustion  of  the  soil 

The  disposing  action  of  lime  to  this  twin  form  of  deoomposition,  few 
varieties  of  organic  matter  can  resist, — and  hence  arises  tiie  well 
known  efficacy  of  lime  in  resolving  and  rendering  useful  the  appa- 
rently inert  vegetable  substances  that  not  uni>equently  exist  in  the 
BoiL 

§2S,  Of  the  comparative  uUlity  of  burned  and  unbumed  Ume. 

Is  there  no  advantage,  then,  you  may  ask,  in  using  caustic  or  burned 
rather  than  carbonat^  or  unburned  Imie?  If  the  ultimate  effects  of 
both  upon  the  land  be  tlie  same,  why  be  at  the  expense  of  burning  ? 
Among  other  benefits  may  be  enumerated  the  foUowingi-^ 

1^.  By  bu  ming  and  slaking,  the  lime  is  reduced  to  the  state  of  an  im* 
palpable  powder,  finer  than  could  be  obtained  by  any  available  method 
of  crushing.  It  can  in  consequence  be  difibsed  more  unifonnly  through 
the  soil,  and  hence  a  smaller  quantity  wiii  produce  an  equal  efiect 
This  minute  state  of  division  also  promotes  in  a  wondeifuid^^ree  the 
chemical  action  of  the  lime.  Iq  all  cases  chemical  action  takes  place 
between  exceedingly  minute  particles  of  matter,  and  among  solid  buI>* 
stances  the  more  rapidly,  the  finer  the  powder  to  which  they  can  be  re- 
duced. Thus  a  mass  of  iron  or  lead  slowly  rusts  or  tarnishes  in  the  ai  r, 
but  if  the  mass  of  either  metal  be  reduced  to  the  state  of  an  impalpable 
powder— which  can  be  done  by  certain  chemical  means — it  will  take 
fire  when  simply  exi)08ed  to'  the  air  at  the  ordinary  temperature,  and 
will  bum  till  it  is  entirely  converted  into  oxide.  £^  mere  mechanic 
division  the  apparent  action  of  the  oxycen  of  the  air  upon  metals  is  aug- 
mented and  hastened  in  this  extraordinary  de^^ree — and  a  similar  re- 
sult follows  when  lime  in  an  impaljwtble  state  is  brought  into  contact 
wi^  the  vegetable  matter  upon  which  it  is  intended  to  act 

2'.  The  effect  of  burned  lime  is  more  powerful  and  more  immediate 
than  that  of  unburned  Wx^e  in  the  form  of  chalk,  marl,  or  shell  sand. 
Hence  it  sooner  neutralizes  the  -acids  which  exist  in  the  soiK  and 
sooner  causes  the  decompositipn  ofvef^table  matter  of  every  kind  to 
commence,  upon  which  its  efficacy,  in  a  greater  decree,  depends. 
Hence,  when  it  can  easily  be  procured,  it  is- nettter  fitteaibr  sour  grass 
or  arable  lands,  for  such  as  contain  an  excess  of  vegetable  matter,  and 
especially  for  such  as  abounds  in  that  dead  or  inert  form  of  organic  mat* 
ter  which  requires  a  stronger  stimulus — the  presence  of  more  powe> 
fUl  chemical  affinities^  that  is—^  bring  it  into  active  decomposition. 
In  such  cases,  the  lime  has  already  done  much  good  befi>re  it  has  been 
brought  into  the  mild  state — and  remaining  afterwards  in  this  state  in 
^e  soil,  it  6till  serves,  in  a  great  measure,  the  same  ebwer  after-pur- 
poses as  the  original  addition  of  t^arbonate  would  have  done. 

3°.  Besides,  if  any  portion  of  it,  afler  the  lapse  of  two  or  tfaiM 
years,  still  linger  in  the  caustic  state,  (p.  368.)  it  will  continue  to  pi»* 
t'oke  more  rapid  changes  among  the  organic  sabstaac—  in  the  ioi« 
than  mild  lime  alone  could  have  done. 
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4^.  Farther,  quick-lime  ifl  soluble  id  water,  and  hence  everr  shower, 
that  falls  and  sinks  into  the  soil  carries  witn  it  a  portion  of  lime,  so 
long  as  any  of  it  remains  in  the  caustic  state.  It  thus  reaches  acid 
matters  that  lie  beneath  the  surface,  and  alters  and  ameliorates  even 
the  subsoil  itself. 

5^.  It  is  not  a  small  additional  recommendation  of  quick-lime,  that 
by  burning  it  loses  about  44  per  cent  of  its  weight, 'thus  enabling 
nearly  twice  the  quantity  to  be  conveyed  (torn  place  to  place  at  the 
same  cost  of  transport  This  not  onhr  causes  a  direct  saving  of 
money, — as  when  the  burned  chalk  of  Antrim  is  carried  by  sea  to 
the  Ayrshire  coasts — ^but  an  additiooal  saving  of  labor  also  upon  the 
fiLTm, — where  the  number  of  hands  and  horses  is  oilen  barely  suffici- 
ent for  the  necessary  work. 

(  29.  Action  of  lime  on  organic  9ub&Umee9  which  contain  nitrogen, 

I  have  hitherto,  for  the  sake  of  simplicity,  directed  your  attention 

solely  to  the  action,  whether  immediate  or  remote,  which  is  exercised 

/by  lime  upon  organic  matter  supposed  to  contain  no  nitrogen.  Its  action 

upon  compounds  in  which  nitrogen  exists  is  no  less  beautiful  and  simple, 

perhaps  even  more  intellifi^ible  and  more  obviously^  useful  to  vegetation. 

There  are  several  well  known  facts  which  it  is  here  of  importance 
for  us  to  consider — 

1*^.  That  the  black  vegetable  matter  of  the  soil  always  contains  ni- 
trogen. Even  that  which  is  most  inert  retains  a  sensible  proportion  of 
it  It  exists  in  dry  peat  to  the  amount  of  about  2  per  cent  of  its  weight, 
and  still  clings  to  the  other  elements  of  the  organic  matter,  even  aAer  it 
has  undergone  those  prolonged  changes  by  wnich  it  is  finally  converted 
into  coal.  Since  nitrogen,  therefore,  is  so  important  an  element  in  all 
vegetable  food,  and  so  necessary  in  some  form  or  other  to  the  healthy 
growth  and  maturity  of  plants,  it  must  be  of  consequence  to  awaken 
this  element  of  decaying  vegetable  matter,  when  it  is  lying  dormant, 
and  to  cause  it  to  assume  a  form  in  which  it  can  enter  into  and  be- 
come useful  to  our  cultivated  plants. 

29.  That  if  vegetable  matter  of  any  kind  be  heated  with  slaked  lime, 
the  whole  of  the  nitrogen  it  may  contain,  in  whatever  state  of  combina- 
tion it  may  previously  exist,  will  be  given  off  in  the  form  of  ammonia. 
The  same  takes  place  still  more  easily  if  a  quantity  of  hydrate  of  potash 
or  of  hydrate  of^sodabe  mixed  with  the  hydrate  of  lime.  Though  it 
has  not  as  yet  been  proved  by  direct  experiment— yet  I  consider  it  to  be 
exceedingly  probable,  that  what  takes  place  quickly  in  our  laboratories, 
at  a  comparatively  high  temperature,  may  take  place  more  slowly  also 
in  the  soil,  and  at  the  ordinary  temperature  of  the  atmosphere. 

3^.  That  when  animal  and  vegetable  substances  are  mixed  with 
earth,  lime,  and  other  alkaline  matters,  in  the  so-called  nitrei>eds,  (Lee. 
Vin.,  §  5,)  ammonia  and  nitric  acid  are  both  produced,  the  quantity  of 
nitrogen  contained  in  the  weight  of  these  compounds  extracted  being 
much  greater  than  was  originally  present  in  the  animal  and  vegetable 
matter  employed  (Dumas.)  Under  the  infhience  of  alkaline  substances, 
therefore,  even  vjhen  not  in  a  caumtic  ttate,  the  decay  of  animal  and  ve- 
getable matter  in  the  presence  of  air  and  moisture  causes  some  of  thA 
nitrogeo  of  the  atmosphere  to  become  ixed  uithe  soil  in  theibrm  of  ' 
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ammonia  or  of  nitrio  acid.  What  takes  place  on  the  confined  area  of  a 
nitre  bed,  may  take  place  to  some  extent  also  in  the  wider  area  of  a 
well-iimed  and  well-manured  field. 

In  the  action  of  alkalies  in  the  nitre  bed,  diaponng  to  the  produo* 
tion  of  nitric  acid,  we  observe  the  same  kind  of  agency,  wluch  we 
have  already  attributed  to  lime,  in  regard  to  the  more  abundant  ele- 
ments which  exist  in  the  vegetable  matter  of  the  soiL  It  gently  pep- 
BUflules  all  the  elements — mtrogen  and  carbon  alike — to  unite  with 
the  oxygen  of  air  and  water,  and  thus  ultimately  to  form  acid  coin- 
pounds  with  which  it  may  itself  combine. 

The  action  of  lime  upon  such  organic  matters  containing  nitrogen  as 
usually  exist  in  the  soil,  may,  therefore,  be  briefly  stated  as  follows : — 

1*^.  These  substances,  like  all  other  organic  matter,  undergo  in  moist 
air — and,  therefore,  in  the  soil — a  spontaneous  decomposition,  the  ge- 
neral result  of  which  is  the  production  of  ammonia,  and  of  an  acid 
substance  with  which  the  ammonia  may  combine.  This  change  is 
precisely  analogous  to  that  which  takes  place  in  such  substances  as 
starch  and  wo^y  fibre,  which  contains  no  nitrogen.  In  each  case, 
one  portbn  of  the  elements  unites  with  oxygen  to  produce  an  acid, 
the  other  with  hydrogen  to  form  a  compound  possessed  of  alkaline  or 
indifierent  properties.    Thus, — 

With  oxygen, — vegetable  matter  produces  carbonic,  ulmic,  and  other 
acids. 
"  animal  matter  produces  carbonic,  nitric,  ulmic,  and 

other  acids. 
With  hydrogen, — vegetable  matter  produces  marsh  gas  or  other 
carburetted  hydrogens. 
"  animal  matter  produces  ammonia. 

If  the  ammonia  hapjpen  to  be  produced  in  larger  relative  quantity 
than  the  acids  with  wmch  it  is  to  combine,  or  if  the  carbonic  be  the 
only  acid  with  which  it  whites,  a  portion  of  it  may  escape  into  the  air. 
This  rarely  happens,  however,  in  the  soil,  the  absorbent  properties  of 
the  earthy  matters  of  which  it  consists  being  in  most  cases  sufiicient 
to  retain  the  ammonia,  till  it  can  be  made  available  to  the  purpoaes 
of  vegetable  life. 

When  caustic  (hydrate  of)  lime  is  added  to  a  soil  in  which  ammonia 
exists  in  this  state  of  combination  with  acid  matter,  it  se^es  upon  the 
acid  and  sets  the  ammonia  free.  This  it  does  with  comparative  slow- 
ness, however — for  it  does  not  at  once  come  in  contact  with  it  all — 
and  by  degrees,  so  as  to  store  it  up  in  the  pores  of  the  soil  till  the  roots 
of  plants  can  reach  it,  or  tiU  it  can  itself  undergo  a  further  change 
by  which  its  nitrogen  may  be  rendered  more  fixed  (p.  411.) 

Carbonate  of  lime,  on  the  other  hand,  still  more  slowly  persuades 
the  ammonia  to  leave  the  acid  substances  (ulmic,  nitric?  &c.^)  with 
which  it  is  combined,  and  yielding  to  it  in  return  its  own  carbonic 
acid,  enables  it  in  the  state  of  soluble  carbonate  of  ammonia  to  be- 
come more  immediately  useful  to  vegetation. 

2°.  But  in  undergoing  this  spontaneous  decay,  even  substances  con- 
taining nitrogen  reach  at  length  a  point  at  which  decomposition  appears 
to  stop— cm  mert  condition  in  which,  though  nitrogen  be  present  as  in 
peat,  they  cease  sensibly  to  give  it  08*10  moh  afoim  or  quantity  as  to 
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be  capable  of  miiiieterin£  to  vegetable  growth.  Here  caustic  lime  steps 
in  more  quickly,  and  mild  lime  by  slower  degrees,  to  promote  the  fur- 
ther decay.  It  induces  the  carbonaceous  matter  to  take  oxygen  from 
the  air  and  from  water  and  to  form  acids,  and  the  nitrogen  to  unite  with 
the  hydrogen  of  the  water  for  the  jJroduction  of  ammonia — ^thus  help- 
ing forward  the  organic  matter  in  its  natural  course  of  decay,  and 
enabling  it  to  fulfil  its  destined  purposes  in  reference  to  vegetable  life. 

3^.  But  the  ammonia  which  is  thus  disengaged  in  the  sou  by  decay- 
ing organic  matter,  though  not  immediately  worked  up,  so  to  speak,  by 
living  plants,  is  not  permitted  to  escape  in  any  large  quantity  into  tlie 
air.  1  he  soil,  as  I  have  already  stated,  is  usually  s3)sorbent  enough  to 
retain  it  in  its  pores  for  an  indefinite  period  of  time.  And  as  in  nature 
and  upon  the  earth's  surface  the  elements  of  matter  are  rarely  permitted 
to  remain  in  a  state  of  repose,  the  ammonia,  though  retained  apparently 
inactive  in  the  soil,  is  yet  slowly  uniting  with  a  portion  of  the  surround- 
ing oxygen  and  forming  nitric  acid  (Lee.  VIII.,  §  5,  note.)  When  no 
other  base  is  present,  this  nitric  acid,  as  it  is  produced,  unites  with  some 
of  the  ammonia  itself  which  still  remains,  forminff  nitrate  of  ammonia 
—but  if  potash  or  hme  be  present  within  its  reach,  it  unites  with  them 
in  preference,  and  forms  the  nitrate  of  potash  or  of  lime. 

But  Ume,  if  present,  is  not  an  inactive  spectator,  so  to  speak,  of 
this  f^low  o.vidation  of  ammonia.  On  the  contrary,  it  promotes  this 
final  change,  and  by  being  ready  to  unite  with  the  nitric  acid  as  it 
Ibrms,  increases  and  accelerates  its  production,  at  the  expense  of  the 
ammonia  wliich  it  had  previously  been  instrumental  in  evolving. 

4r>.  One  other  important  action  of  lime,  by  which  the  same  com- 
pounds of  nitrogen  are  produced  in  the  soil,  may  in  tliis  place  be  most 
properly  noticed.  It  is  a  chemical  law  of  appcurently  extensive  applica- 
tion, that  when  one  elementary  substance  is  undergoing  a  direct  chemi- 
cal union  witli  a  second  in  the  jfresence  of  a  thirdy  a  ter^ency  is  impart- 
ed to  the  third  to  unite  also  with  one  or  with  both  of  the  other  two,  al- 
though in  the  same  circumstances  it  would  not  unite  with  either,  if  pre- 
sent alone.  Thus,  when  the  carbonaceous  matter  of  the  soil  is  under- 
going oxidation  in  the  air — that  is,  combinmg  with  the  oxygen  of  the 
atmosphere — it  imparts  a  tendency  to  the  nitrogen  also  to  unite  with 
oxygen,  which  when  mixed  with  that  gas  alone,  (the  atmosphere  con- 
sisting, as  you  will  recollect,  of  nitrogen  and  oxygen — Lee.  iL,  §  4,) — 
it  has  no  known  disposition  to  do.  The  result  of  this  is  the  production  of 
a  small,  and  always  a  variable,  proportion  of  nitric  acid  during  the  de- 
composition in  the  soil,  of  orgamc  matter  even,  which  itself  contains  no 
nitrogen. 

Again,  it  is  an  equally  remarkable  chemical  law,  that  elementary 
bodies  which  refuse  to  combine,  however  long  we  may  keep  them  to- 
gether in  a  state  of  mixture,  will  yet  unite  readily  when  presented  to 
each  other  in  what  is  called  by  chemists  the  nascent  state — that  is,  at 
the  moment  when  one  or  other  of  them  is  produced  or  is  separated 
from  a  previous  state  of  combination. 

Thus  when  the  organic  matter  of  the  soil  decomposes  water  in  the 

presence  of  atmospheric  air,  its  carbon  unites  with  the  greater  part 

of  the  oxygen  and  hydrogen  which  are  set  at  liberty,  and  at  the  same 

tune  with  more  or  less  of  the  oxygen  of  the  atmo8pQere-*bat  at  the 

18 
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same  instant  the  nitrogcin  of  the  atmosphere^  which  is  everywhere 
present  seizes  a  portion  of  the  hydrogen  and  forms  ammonia.  Thus 
a  variaole,  and  in  any  one  limited  spot,  a  minute,  but  over  the  entire 
surface  of  the  globe,  a  large  quantitv  of  ammonia  is  produced  during 
the  oxidation  even  of  the  purely  carbonaceous  portion  of  the  orgame 
nqatter  of  the  soil. 

^ow  in  proportion  as  the  presence  of  Kme  promotes  this  decay  of 
vegetable  and  other  organic  matter  in  the  soil — in  the  same  propor- 
tion does  it  promote  the  production  of  ammonia  and  nitric  acid,  at  the 
expense  of  the,  free  nitrogen  of  the  atmosphere,  and  this  may  be  re- 
garded as  one  of  the  valuable  and  constant  purposes  served  by  the 
presence  of  calcareous  matter  in  the  soiL 

§  30.  How  these  chemical  changes  directly  benefit  vegetation. 

You  will  scarcely,  I  think,  inquire  how  all  these  interesting  chemical 
changes  which  attend  upon  the  presence  of  lime  in  the  soil  are  di- 
rectly useful  to  vegetation,  and  yet  it  may  be  useful  snortly  to  answer 
the  question. 

1°.  Lime  combines  with  the  acid  substances  already  existing  in  the 
soil,  and  thus  promotes  the  decomposition  of  vegetable  matter  which 
those  acid  substances  arrest  The  further  decompositions  which  en- 
sue are  attended  at  every  step  by  the  nroduction  either  of  gaseous 
compounds — such  as  carbonic  acid  and  light  carburetted  hydrojgen-^ 
which  are  more  or  less  abundantly  absorbed  by  the  roots  and  leaves 
of  plants,  and  ^us  help  to  feed  them — or  of  acid  and  other  compounds, 
soluble  in  water,  which,  entering  by  the  roots,  bear  into  the  circula- 
tion of  the  plant  not  only  orgeuuc  food,  but  that  supply  of  lime  also 
which  healtny  plants  require. 

2°.  The  changes  it  induces  upon  substances  in  which  nitrogen  is 
present  are  still  more  obviously  useful  to  vegetation.  It  eliminates  am  • 
monia  from  the  compounds  in  which  it  exists  already  formed,  and  pro- 
motes its  slow  conversion  into  nitric  acid,  by  which  the  nitrogen  is 
rendered  more  fixed  in  the  soil.  It  disposes  the  nitrogen  of  more  or 
less  inert  organic  matter  to  assume  the  form  of  ammonia  and  nitric 
acid,  in  whicm  state  experience  has  long  shown  that  this  element  is 
directly  favorable  to  the  growth  of  plants.  . 

^.  It  influences  in  an  unknown  degree,  the  nitrogen  of  the  atmos- 
phere to  become  fixed  in  larger  proportion  in  the  soil,  in  the  form  of  nitric 
acid  and  ammonia,  than  would  otherwise  be  the  case,  and  this  it  does 
both  by  the  greater  amount  of  decay  or  oxidation  which  it  brings 
about  in  a  given  time,  and  by  the  kind  of  compounds  which,  under  its 
influence,  the  organic  matter  is  persuaded  to  form.  The  amount  of 
nitrogenous  food  placed  within  reach  of  plants  by  this  agency  of  lime 
will  valry  with  the  climate,  with  the  nature  of  the  soil,  with  its  con- 
dition as  to  drainage,  and  with  the  more  or  less  liberal  and  skilM 
manner  in  which  it  is  farmed. 

{  31.  Why  lime  must  be  kept  near  the  aurfhce. 

Nor  will  you  fail  to  see  the  important  reasons  why  lime  ought  to 
be  kept  near  the  surface  of  the  soil — since 
1^.  The  action  of  lime  upon  organic  matter  is  almost  nothing  m 
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Ae  BbflenOB  of  air  and  moistore.  U  tiie  lime  mok,  therefore,  beyond 
the  constant  reach  of  fVesh  air,  its  efficacy  is  in  a  great  degree  lost 

2*^.  All  the  agency  of  the  ligfat  and  heat  of  the  min,  though  I  have 
Aot  hitherto  insisted  upon  their  action— ^are  scarcely  less  necessary  to 
the  full  experience  of  the  benefits  which  lime  is  capable  of  conferring* 
The  iiffht  of  the  sun  accelerates  nearly  all  the  chemical  deeompoeition« 
that  ta^e  place  in  the  soil-awhile  some  it  appeam  especially  to  promote^ 
The  warmth  of  the  sun's  rays  may  penetrate  to  some  depth,  out  tiiefr 
ligjht  can  only  act  upon  the  tmmedmte  surface  of  the  eoit.  Hence  the 
•ulful  agriculturist  wiii  endeavor,  if  possible  to  keep  some  of  his  linm 
at  least  upon  the  very  surface  of  hn  arable  iand»  Pethaps  this  in- 
fluence of  light  might  even  be  adduced  as  an  argument  in  fa^r  of  the 
frequent  application  of  lime  in  small  doses,  as  a  means  of  keeping  a 
portion  of  It  always  within  nsach  of  the  sun's  rays ;  and  this  more  es* 
pectally  on  grass  lands,  to  which  no  mechanical  means  can  be  applied 
for  the  purpose  of  bringing  again  to  i!b»  surfkce  the  lune  that  has  sunk« 

There  are,  at  die  same  time,  as  you  will  recollect,  good  reason  also 
why  a  portion  of  the  lime  should  be  difiueed  through  the  body  of  the 
ooijl,  both  for  the  purpose  of  combining  with  organic  acids,  already 
existing  there,  and  with  the  view  of  acting  upon  certain  inorganic  or 
miners!  substances,  which  are  either  decidedly  injurious,  or  by  the  a^ 
lion  of  lime  may  be  rendered  more  wholesome  to  vegetation. 

In  order  that  this  difRlsion  may  be  effected,  and  especially  that  lime 
may  not  be  unnecessarily  wasted  where  pains  are  taken  by  mechanical 
means  to  keep  it  near  the  surfaceman  eflideat  system  of  under-drainage 
should  be  carefully  kept  up.  Where  the  rams  that  fkll  are  allowed 
to  flow  off  the  surface  of  the  land,  they  wash  more  lime  away  the  more 
carefully  it  is  kept  among  the  upper  soil^^but  where  a  free  outlet  is  af^ 
forded  to  the  waters  beneath,  they  carry  the  lime  with  them  as  they 
aink  towards  the  subsoil,  and  have  been  robbed  again  of  the  greater 
part  of  it  before  they  escape  into  the  drains.  Thus  on  drained  land 
the  rains  that  fall  aid  lime  in  producing  its  beneficial  effects,  while  in 
undrained  land  'they  in  a  greater  or  less  degree  counteract  it 

)  32.  Action  of  lime  upon  the  inorgOfucw  fninetyad  matter  of  tkesoiL 

Though  the  main  general  agency  of  lime  is  exerted,  as  we  have 
seen,  upon  ti\e  organic  matter  it  meete  with,  yet  it  oflen  also  produces 
direct  chemical  changes  upon  the  mineral  compounds  existing  in  the 
soil  which  are  of  great  importance  to  vegetation.    Thus 

1^.  Lime,  either  in  the  mild  or  in  the  caustic  state,  possesses  the 
property  of  decomposing  the  suljAateof  iron,  which  especially  abounds 
m  peaty  soils,  and  in  many  localities  so  saturates  the  subsoil  as  to 
make  it  destructive  to  the  roots  of  plants.  Sprengel  mentions  a  case 
-where  the  first  year's  clover  always  grew  well,  while  in  the  second 

I-  year  it  always  died  away.  This,  upon  examination,  was  fbund  to  be 
owing  to  the  ferruginous  nature  of  the  subsoil,  which  caused  the  death 
of  the  plant  as  soon  as  the  roots  began  to  penetrate  it 

When  salts  of  iron  ei^ist  in  the  soil,  a  dressing  with  lime  will  brinff 

'  the  land  into  a  wholesome  state  without  other  aid.    The  Ihne  wiU 

combine  with  the  acid,  and  ibrm  flvpsum,  if  it  is  the  sulphate  of  iron 

that  is  present,  while  the/mC  oa^  of  iraa  which  is  set  free  will,  by 


csi>Mnare  to  the  air,  be  eonverted  into  the  second  or  red  oxide,  ui 
whicb  slate  tine  metal  is  no  lenger  hnrtfel  to  vegetation. 

When  theee  mAfs  ore  to  be  decvn^oaed  and  remcved  iroa  the  mh* 
«oil,  lime  movt  be  aided  bf  the  sobeod  pfev^h  md  the  drain.  UnleM 
an  outlet  beneet^  be  prcrvidied  for  the  tuiface  water,  by  which  the 
mins  may  be  enabled  to  waidi  away  slowly  the  noxious  Bubstancev 
from  the  mibsoit,  even  the  addition  of  a  copious  dose  of  lime  wiU  only 
produce  a  temporary  imiinyrenent 

2°.  Lime  decomposes  alsatbe  solphoieB  ef  nsHKneiift  and^tf  itoi- 
na,  both  of  which  are  occaBioni0y>ibund  in  the  so^  and,  being  very  so- 
luble salts,  are  Bable  to  be  taken  t^  by  the  roots  in  suck  quantity  as  t9 
be  hurtild  to  the  gmwing  phnts.  When  soils  which  contain  any  of 
the  three  salts  I  have  mentidned  haTe  once  been  luBed  or  marled,  it 
is  in  vain  to  add  gypeun  in  the  hope  of  favoring  the  clover  crep,  since 
the  lime,  in  decompoemg  the  sulphates,  has  already  formed  an  abon' 
dant  supply  of  (his  campound  for  atf  the  pivpoees  of  vegetation. 

3°.  Araemg  the  estrthy  conetituents  of  the  soil,  we  have  afa^ady  seen 
that  there  o^ten  existfhtgmentsof  folapar  and  of  other  SBineiais  derived 
from  the  granftic  and  trap  rocks,  whfeh  contain  potash  or  soda  in  the 
state  of  #Stcdter.  These  siBcates  we  know  to  be  slowly  decomposed 
by  the  agency  of  the  carbonic  acid  of  the  air,  (Lee.  X.,  jf  1 J  and 
their  aTkali  set  fi^e  in  a  sc^uble  state.  This  decomposition  is  said  tcf 
be  prompted  by  the  presence  of  linie  (p.  361.) 

Agafn,  ^e  stafks  of  the  grasses  and  the  straw  of  the  corn-bearing 
plants  ccmtofn  much  silica  m  combmation  with  potash  sttid  soda,  m 
farm-yard  manure,  therefore,  much  of  these  sincates  is  present,  and 
when  mxed  with  the  soi^f,  there  appean  little  reason  to  doubt  thai 
thev  are  of  much  benefit  to  the  gronprhig  crups.  On  these  silicates^ 
in  tne  presence  of  carbonic  acid  and  moisture,  the  lime  acts  as  it  does 
upon  the  mineral  silicates.  It  aids  in  the  liberation  of  the  potash  and 
soda,  and  thus  promotes  the  performance  of  those  important  functions 
which  thcGfe  alkaliee  aredettned  toexeftoise  in  reference  to  vegetable 
growth  (p-  328.) 

While  the  alkali  is  set  free  the  Ikne  hselfcombines  with  the  sificae, 
and  hence  one  source  of  the  tilicate  Of  liihe  which,  as  t  have  already 
mentioned  ia  you,  {p*  390,)  usually  exists  in  sensible  quanti^  in  our 
cultivtited  soils.  It  has  been  staled  hy  Sprengel  (Lehre  vom  Uunffer^ 
p.  310,)  as  one  reason  why  the  addition  of  Time  must  be  rejwatea  so 
frequently  upon  some  soils  in  which  silica  abounds,  that  an  insoluUe 
silicate  of  lime  is  fbund,  which  is  of  no  use  to  vegetation.  But  the 
silicatefl  of  lime  ai%  slowly  decomposed  by  the  agency  of  the  carbonio 
acid  of  the  air  and  of  decaying,  vegetation,  and  to  this  cause  in  a  pre' 
vious  lecture  (Lee*  XlL,  $  4 j  I  have  ascrfoed  much  of  tiie  feMiie 
character  of  the  trap  and  syenkic  soils,  and  of  their  beneficial  action 
when  laid  on  aa  a  manure. 

4°.  Potash  and  soda  exist  to  mate  extent  in  clay  seals  in  combina- 
tion with  their  alumina.  The  presence  of  lime  has  a  similar  influence 
in  setting  the  alkalies  free  from  this  state  of  combination  alao. 

5^,  Ammina  has  the  property  of  combining  readily  with  many  ▼age- 
table  acids,  and  in  the  clay  soils  exercises  a  constant  influence,  similBr 
u  kind  to  thstof  lime  ana  othcor  aOialiae  M^Mtaiicee,  m  perraading  tha 
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mrg^mc  matter  to  iliote  forms  of  decay  in  which  aci4  compoimdfl  are 
more  abandantl^  produced.  Hence,  day  soik  idmoat  ^ wave  contain  a 
portion  of  alumina  in  combination  with  oroanic  matter.  This  erganie 
natter  is  readily  ^iven  up  to  lime,  and  by  ue  more  energetic  action  of 
Ibis  substance  is  sooner  made  ayailaiUe  to  the  wants  of  new  races  of 
plants. 

6^.  I  shall  brinijr  under  year  notice  only  one  other,  but  a  hi({faly  imr 
portant,  decomposing  action,  which  lime  cKercises  in  soils  that  abound 
in  vegetable  matter.  In  the  presenee  of  decaying  organic  substances 
the  carbonate  of  lime  is  capable  of  slowly  decomposuw  common  salt^ 
producing  carbonate  of  soda  and  chloride  of  calcium.  It  exercises  also 
a  similar  decomposing  efiect,  even  upon  the  sulphate  of  soda,  and,  ac- 
cording to  BerthoUet,  j^Dumas  Trmie  de  CAemtc,  ii,  p.  334,)  inenia* 
tations  of  carbonate  of  soda  (of  l^rona  or  ATotron,  wnich  is  a  aesgm 
earbonate  of  soda,)  are  observed  on  the  sviface  of  the  soil,  wherever 
carbonate  of  lime  and  common  salt  are  in  cantact  with  each  odier. 
If  we  consider  that  along  aU  our  coasts  common  salt  may  be  said 
to  abound  in  the  soil  bemg  yearly  sprinkled  over  it  by  the  salt  sea 
winds — that  general^,  a^nff  the  snae  coasts,  the  application  of 
sulphates  produces  litne  sensi&e  effect  upon  the  crops,  and  that,  there- 
fore, in  all  probability  they  abound  in  the  soil,  derived,  it  may  be,  from 
the  same  sea  sprajr — we  may  safely  oonclude,  I  think,  that  the  decom- 
position now  entained  must  takejtaee  eKteosi vdy  in  all  these  parts  of 
our  island  which  are  so  situated,  irlime  in  any  of  its  forms  either  exisis 
naturany  or  has  been  artificially  added  to  the  land.  The  same  must  be 
the  case  also  in  those  districts  where  salt  springs  occur,  and  generally 
over  the  new  red  sand-^tone  formation,  in  which  sea  salt  more  especially 
occurs. 

And  if  we  further  consider  the  important  purposes  which  the  carbo- 
nate of  sodh  thus  produced  may  serve  in  reference  to  regetation — that 
it  may  dissolve  vegetable  matter  and  carry  it  into  the  roots— that  it  may 
form  soluble  silicates,  and  thus  snpiily  the  necessary  siliceons  matter  to 
the  stems  of  the  grasses  and  other  planta— and  that  rising,  as  it  naturally 
does,  tQ  the  surface  of  the  soil,  it  there,  in  the  presence  of  vegetable  mat- 
ter, provokes  to  the  formation  of  nitrated  so  wholesome  to  vegetable 
life — we  may  regard  the  decomposing  action  of  lime  by  which  ms  car- 
bonate is  produced  as  among  the  most  valuable  of  its  properties  to  the 
practical  farmer,  wherever  circumstances  are  favorable  for  its  ezerdse. 

§  33.  AcHoH  of  lime  <m  animtU  and  vegetable  life. 

It  is  only  necessary  to  allude,  in  conclusion,  to  one  or  two  other 
vseful  purposes  which  lime  Is  said  to  serve  in  reference  to  animal  and 
vegetable  life.    Thus 

P.  It  is  said  to  prove  fatal,  espeeiallyin  thecaosticfltate,  to  worms, 
to  dugs,*  and  to  many  insects  injurious  to  the  farmer,  and  to  destroy 
their  eggs  and  larve.  In  Scotland  it  has  been  found  in  some  instances 
to  check  the  ravages  of  the  fly.  On  the  other  hand,  in  the  stateof  car- 
bonate, it  is  propitious  to  the  growth  of  the  land  snail  and  similar  crea- 

*  Wh«n  th«  wheal  erop  Is  atfaeksd  tovdmi  ■tetenMnd.nodiliiff  wOl  do  to  moeh  food 


416  umm  kills  iimm  ard  smm. . 

tores  which  bear  riielb.  In  highly  Umed  land  the  former  maybe  i 
crowded  at  the  roots  of  the  hedges,  fVom  which  they  make  frequent  in- 
cursions upon  the  yoimg  crops,  and  are,  I  believ^  especially  hurtful 
lothe  turnips. 

3°.  It  is  found  to  prevent  mmU  in  wheat  For  this  imrpose  the 
seed  is  steeped  in  lime,  and  afterwards  dried  with  slaked  lime,  or  lime 
water  is  poured  upon  the  heap  of  com,  wfaidi  is  turned  over,  and  left 
for  24  hours  (Hillyard.) 

3^.  It  is  also  said  to  prevent  the  rot  and  foot-rot  in  sheep  fed  upon 
pastures  on  whieh^  before  liming,  the  stock  was  Kable  to  be  afiected 
ny  these  diseases  (Prideaux.) 

4^.  In  regard  to  its  actkm  upon  living  plants,  it  is  certain  that  it  ex- 
tirpates certain  of  the  coarser  grasses  from  sour  pastures  and  brings  ud 
a  tenderer  herbage ;  but  practical  men  appear  to  difier  in  regard  to  its  e^ 
foots  upon  the  roots  and  seeds  of  the  more  troublesome  we^.  Accord- 
ing to  some,  the  addition  of  lime  to  a  compost,  or  to  the  bo3,  w31  kill 
the  roots  of  weeds  and  render  unproductive  such  noxious  seeds  as  may 
happen  to.be  present  According  toothers  (p.  405,^  this  is  a  mistake. 
1  bcmve  the  truth  to  be,  tbat  lime  will  lead  to  their  destruction  and 
decay,  if  the  circumstances  are  favorable  or  if  proper  pains  be  taken 
to  effect  it  But  air  and  moisture  are  necessary  to  msure  this^as  they 
are  to  effect  the  rapid  decay  of  dead  organic  matter.  If  the  ingre- 
dients of  the  compost  be  only  proportioned,  or  if  the  dose  of  Gme 
added  to  the  land  be  suflkiently  large,  and  if  in  each  case  the  mix- 
ture be  fl^uenthr  turned,  the  final  destruction  of  roots  and  seeds  may 
u  general  be  safely  calculated  upon. 

$34.  Vbe  of  sUicaie  of  Ume, 

There  is  one  compound  of  lime  which,  though  occurring  occasionally 
m  an  soils,  has  not  hitherto  been  applied  to  the  improvementbf  the  land 
even  in  k)calities  where  it  most  abounds.  This  compound  is  the  silicaie 
of  lime.  I  have  already  directed  your  att^itbn  to  the  presence  of  thie 
compound  in  the  trap  rocks,  and  to  the  fertile  character  which  it  imparls 
to  the  soils  which  are  formed  by  the  natural  degradalioa  of  these  rocks. 

In  those  districts  where  the  smelting  of  iron  n  carried  on,  the  first 
slag  that  is  obtained  consists  in  great  part  of  sAicate  of  lime.  This 
slag  accumulates  in  large  quantities,  and  is  employed  in  some  dis- 
tricts for  mending  the  roads.  It  is  not  unworthy  the  attention  of  the 
practical  fanner — as  an  improver  of  his  fields — especially  where  caua- 
tic  lime  is  distant  and  expensive,  or  where  boggy  and  peaty  soils  are 
met  with  in  which  vegetable  matter  abounds.  On  such  land  it  may 
be  laid  in  large  quantity.  It  will  decompose  slowly,  and  while  it  in^ 
parts  to  the  soil  solidity  and  firmness,  will  supply  lioth  lime  and  silicft 
to  the  growing  crops,  for  a  long  period  of  thne. . 

I  hm  fhM  drawn  tow  atteiKkHi  t»  the  no«  InMrtuir  topie«  coaiiecfd  wflh  the  om  of 
Rule,  90  eSleaetom  mn  faitrniiiient  Id  che  luuida  or  the  ■klirol  and  Improrinff  fiurmar  for  ame> 
Nwadrw  the  ooodiiien  and  taeiMMlaf  the  pradnetiveneaa  of  hie  land.  If  I  have  appeared 
to  dwoll  kMC  upon  thie  iobjert.  It  la  beeaqee  of  the  valM  wMoh  I  know  to  he  attached  hy 


practical  men  to'  a  eorrecf  exposition  of  the  vlrta^  of  lime  and  of  the  th^ry  hv  which  JSa 

*  "  *        *^      J  nWe  to  polnl 
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la  etlt!  dark.  It  la  bMaone  our  knowledce  ia  not  vet  complete.    A  few  veara  mora,  and  fss 


efl^ts  are  to  he  eapUlniHl.    I  helieve  that  in  the  theoretical  wurt  I  have  heen  able  to  pohH 


cnt  to  yoo  thtf  leadtmt  chemical  prhiciplea  npoo  which  Ua  toAueoco  dep^nda-4f  any  iblnf 
la  ■tit!  dark.  It  la  beoaone  our  knowledce  ia  not  vet  complete.  A  few  veara  mora,  and  fSS 
■My  hope  to  have  the  miaia  which  hanf  over  thia,  aa  ovar  many  athar  hnBdM*  ofasiJisi 


LECTURE  XVIL 


Of  organic  oianurM.— Vegetable  and  animal  manarea.— Green  manartng ;  ploo^hlnir  in  •f 
•parrj,  the  white  lupin,  the  Tetch,  huek-wheot,  npe,  rye,  borage.— Natural  green  manu- 
ring.—ImpioTemem  of  the  aonjbj  laying  duwn  to  graaa  and  by  planting.— Uae  of  aeft> 
weed.— Dry  vegeiable  manurea?  dnr  atraw,  cliaff;  rape-duat,  mall-duat,  aaw-doat,  cotton 
■eeda,  dry  leavea.— Decayed  vegetable  mauer :  aae  of  pear,  tannera'  baric,  and  composts 
of  metable  matter.— Charcoal  powder,  aooL— Relative  ▼alue,  tlioorettcal,  and  practical, 
of  different  Tegetanle  manures. 

Bt  organic  manures  are  understood  all  those  substances  either  of 
Vegetable  or  of  animal  origin,  which  are  applied  to  the  land  for  the 
purpose  of  Increasing  its  ^rtility.  It  will  be  convenient  to  consider 
these  two  classes  of  organic  substances  separately. 

The  parts  of  vegetables  may  be  applied  to  the  soil  in  three  dif- 
ferent forms — ^in  the  green,  in  the  dry,  and  in  the  more  or  less  natu- 
rally decayed,  fermented,  or  artificially  decomposed  state. 

§  1.  Of  green  mamtring,  or  the  application  of  vegetable  matter  in 
the  green  state. 

By  ffreen  manuring  is  meant  the  ploughing  in  of  green  crops  in 
their  Uving  state — or  of  green  vegetables  left  or  spread  upon  the 
land  for  the  purpose. 

1^.  We  have  seen  in  the  preceding  lecture  how  important  air  and 
water  are  to  the  decomposition  of  organic  matter.  Now  green  ve- 
ffetable  substances  contain  within  themselves  much  water,  undergo 
decomposition  more  readily,  therefore,  than  such  as  have  been  dri^, 
and  are  more  immediately  serviceable  when  mixed  with  the  soil. 

2°.  In  the  sap  of  plants  also  there  generally  exist  certain  compounds 
containing  nitrogen,  which  not  only  decompose  very  readily  themselves, 
but  have  the  property  of  persuading  or  inducing  the  elements  of  the 
other  organic  matters,  witn  which  they  are  in  contact,  to  assume  new 
forms  or  to  enter  into  new  chemical  combinations.  Hence,  the  sap  of 
plants  almost  invariably  undergoes  more  or  less  rapid  decomposition 
even  when  preserved  from  the  contact  of  both  air  and  water.  When 
this  decomposition  has  once  commenced  in  the  sap  it  is  gradually  propa- 
gated to  the  woody  fibre  and  to  the  other  substances  of  which  the  mass 
of  the  stems  and.  roots  of  plants  is  composed.  Hence,  recent  vege- 
table matter  will  undergo  a  comparatively  rapid  decomposition,  even 
when  buried  to  some  depth  beneath  the  soil— and  the  elements  of  which 
it  consists  will  form  new  compounds  more  or  less  useful  to  living  plants, 
in  circumstances  where  dry  and  where  many  forms  even  of  partially 
decomposed  vegetable  matter  would  undergo  no  change  whatever. 

3°,  Further — when  green  vegetable  matter  is  allowed  to  decay  in 
the  open  air,  it  is  gradually  resolved  more  or  less  completely  into  car- 
booic  acid,  which  escapes  into  the  air  and  is  so  far  lost.  JBut  when 
buried  beneath  the  sunace,  this  formation  of  carbonic  acid  proceeds 
less  rapidly,  and  other  compounds — ^preparatory  to  the  final  resolution 
into  carbonic  acid  and  water — are  produced  in  greater  quantity  and 
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linger  in  the  soil.  Thus  by  burying  vegetable  substances  in  his  land 
in  their  green  state,  the  practical  man  actually  saves  a  portion  of  the 
organic  food  of  plants,  which  would  otherwise  so  far  run  to  waste. 

4°.  Finally:  Green  vegetable  substances,  by  exposure  to  the  air, 
gradually  give  up  a  portion  of  the  saline  matter  they  contain  to  the 
showers  of  rain  that  fall.  This  more  or  less  escapes  and  is  lost  But  if 
buried  beneath  the  soil  tliis  saline  matter  is  restored  to  the  land,  and 
where  the  green  matter  thus  buried  is  in  tiie  state  of  a  growing  crop, 
both  the  organic  and  inorganic  substances  it  contains  are  more  equally 
dilFused  through  the  soil  tlian  they  could  be  bv  any  other  known  process. 

On  one  or  other  of  these  principles  depend  nearly  all  the  special  ad* 
vantages  which  are  known  to  follow  from  green  manuring  and  from  the 
employment  of  green  vegetable  matter  in  the  preparation  of  composts. 

§  2.  Important  prctctical  results  obtained  by  green  manuring. 

But  this  explanation  of  the  principles  on  which  the  efficacy  o^  green 
manuring  depends,  does  not  fully  illustrate  the  important  practic^  re- 
sults by  which,  in  many  localities,  it  is  uniformly  followed. 

Let  us  glance  at  these  results.  ^ 

P.  The  ploughing  in  of  green  vegetables  on  the  spot  where  they 
have  grown  may  be  followed  as  a  method  of  manuring  and  enriching 
cdL  land,  where  other  manures  are  less  abundant  Growing  plants 
bring  up  from  beneath,  as  far  as  their  roots  extend,  those  substances 
which  are  useful  to  vegetation — and  retain  them  in  their  leaves  and 
stems.  By  ploughing  in  the  whole  plant  we  restore  to  the  surface 
what  had  previouslv  sunk  to  a  greater  or  less  depth,  and  thus  make 
it  more  fertile  than  before  the  green  crop  was  sown. 

2°.  This  manuring  is  performed  with  the  least  loss  by  the  use  of 
vegetables  in  the  green  state.  By  allowing  them  to  decay  in  the  open 
air,  there  is.  as  above  stated,  a  loss  both  of  organic  and  of  inorganic 
matter — if  they  be  converted  into  fermented  (farm-yard)  manure,  there 
is  also  a  large  loss,  as  we  shall  hereafler  see ;  and  the  same  is  the 
case,  if  they  are  employed  in  feeding  stock,  with  a  view  to  their  con- 
version into  manure,  in  no  other' form  can  the  same  crop  convey  to 
tfie  soil  an  equal  amount  of  enriching  matter  ae  in  that  of  green 
leaves  and  stems.  Where  the  first  object,  therefore,  in  the  farmer's 
practice,  is  so  to  use  his  crops  as  to  enrich  his  land — he  will  soonest 
effect  it  by  ploughing  them  in  in  the  green  state. 

3^.  Another  important  result  is,  that  the  beneficial  action  is  almost 
immediate.  Green  vegetables  decompose  rapidly,  and  thus  the  first 
crop  which  follows  a  green  manuring  is  benefitted  and  increased  by 
iL  But  partly  for  this  reason  also  the  green  manuring — of  com  crop- 
ped land—if  aided  by  no  other  manure,  must  generally  be  repeated 
every  second  year. 

4°.  It  is  said  that  grain  crops  which  succeed  a  green  manuring  are 
never  laid — ^and  that  the  produce  in  grain  is  greater  in  proportion  to 
the  straw,  than  when  manured  with  fermented  dung. 

6°.  But  it  is  deserving  of  separate  consideration,  that  preen  mann* 
ring  is  especially  adapted  for  improving  and  enriching  sous  which  are 
poor  in  vegetable  matter.  The  principles  on  which  living  plants  draw 
a  part — sometimes  a  large  part — of  their  sustenance  from  the  air, 
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liave  already  been  discuseed,  and  I  may  presume  that  you  Bufficiently 
understand  the  principles  and  admit  the  fact  Living  plants,  then) 
contain  in  their  substance  not  only  all  they  have  drawn  up  from  the 
aoil,  but  also  a  great  part  of  what  they  have  drawn  fh>m  the  air* 
Plough  in  dieee  uvina  {rfanla,  and  you  necessarily  add  to  the  soil 
more  than  was  taken  from  it — in  other  words,  you  make  it  richer  in 
organic  matter.  Repeat  the  process  with  a  second  crop  and  it  be* 
comes  richer  stiU — and  it  would  be  diftcult  to  define  the  limit  beyond 
which  the  process  cotild  no  further  be  carried. 

Is  there  any  soil  then,  in  the  ordinary  climates  of  Europe,  which  is  be* 
yond  the  reach  of  this  improving  process  f  Those  only  are  so  on  wfaidi 
plants  refuse  to  grow  at  all,  or  on  which  they  grow  so  languidly  as  to 
extract  from  the  air  no  more  than  is  restored  to  it  again  by  the  naXuk- 
ral  decay  of  the  organic  matter  which  the  m\a  already  oontain^ 

But  for  those  plants  which  grow  naturally  upon  the  soil,  agricultural 
skill  may  substitute  others,  which  will  increase  more  rapidly,  and  pro- 
duce a  larger  quantity  of  green  leayes  a»d  stems  for  the  purpose  of  being 
buried  in  the  soil.  Hence,  the  selection  of  particular  crops  for  the  pur- 
pose o^givixig  manuring — those  being  obviously  the  fittest  which  in  the  , 
^ven  soil  and  clunate  grow  most  ranidly,  or  which  produce  the  largeU 
quantity  afvegetahU  nuUter  in  the  warU^  time  ium^U  the  smaliest  cost 

i  2.  Of  the  plants  which  in  diffmnt  soils  and  dinuUes  are  employed 
for  green  manuring. 

On  this  pnnciple  is  founded  the  selection  oi  different  plants  in  different 
soils  and  climates  for  the  purpose  of  green  manuring.  That  which 
in  Italy  will  yield  the  tartest  produce  of  leaves  and  stems,  at  the  least 
c«st  and  in  the  shortest  tune,  may  not  do  so  in  the  North  of^  England  or 
of  Germany — and  that  which  will  enridi  a  poor  clay  or  an  es^austed 
loam  may  refuse  even  to  grow,  in  a  healthy  manner,  upon  a  driAingsand. 

1<^.  Spurry  (Spergula  Arveosis.) — It  is  to  poor  dry  sandy  sous  that 
green  manuring  has  been  found  most  signally  beneficial,  and  for  such 
■oils  no  plant  has  been  more  landed  than  ^urry.  It  may  either  be 
«own  in  autumn  on  the  com  stubble  or  afler  early  potatoes,  and 
ploughed  in  in  sprinff  preparatory  to  the  annual  crop,  or  it  nmy  be 
used  to  replace  the  n^ed  fallow,  which  is  often  hurtful  to  lands  of  so 
light  a  character.  In  the  latter  case,  the  first  sowing  may  take  place 
in  Nfarch,  the  second  in  May,  and  the  third  in  July — each  crop  being 
j^oughed  in  to  the  depth' of^  three  or  four  inches,  and  the  new  eeed 
then  sown  and  harrowed.  When  the  third  crop  is  ploughed  in,  the 
land  is  ready  for  a  crop  of  wioter  corn. 

Von  Voght  (Vortheile  der  griinen  Bedungnng)  states  that  by  such 
.treatment  the  worst  shifting  sands  may  be  made  to  yield  remunerative 
crops  of  rye — that  the  most  worthies?  sands  are  more  improved  by  it 
than  those  of  a  better  natural  quality — that  the  green  manuring  every 
bther  year  not  onlv  nourishes  sufficiently]  the  Stemate  crops  of  rye, 
but  gradually  endcnes  the  soil — and  that  it  increases  the  effect  of  any 
other  manure  that  may  subsequendy  be  put  on.  He  adds,  also,  that 
flpurry  produces  oAen  as  much  improvement  if  eaten  off  by  cattle  as 
if  ploughed  in,  and  that  when  fed  upon  this  plant,  either  green  or  in 
the  Btate  oif  hay,  cows  not  only  give  more  milk,  but  of  a  richer  quality. 
18* 
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2<'.  W^kite  Lupins. — ^In  Italy,  and  in  the  sonth  of  France,  the  white 
kipin  is  extensively  cultivated  as  a  green  manure.  In  Germany,  also^ 
it  has  been  found  to  be  one  of  those  plants  by  which  unfruitful  sandy 
soils  may  be  most  speedily  brought  into  a  productive  state.  The  supe- 
riority of  this  plant  for  the  purpose  of  enriching  the  soil  depends  upon 
its  deep  roots,  which  descend  more  than  two  ket  beneath  the  surface 
— upon  its  being  htde  injured  by  drought,  and  little  hable  to  be -at- 
tacked by  insects— on  its  rapid  growth — and  upon  its  large  produce 
in  leaves  and  stems.  Even  in  the  North  of  Germany  it  is  said  to 
yield,  in  three  and  a  half  to  four  months,  10  to  12  tons  of  green  herb- 
age.  It  grows  in  all  soils  except  such  as  are  marly  and  calcareous^ 
is  espcNneuly  partial  to  such  as  have  a  ferruginous  subsoil,  and  besides 
enrichinff,  also  opew  stiff  clays  by  its  strong  stems  and  roots. 

3^.  7ne  Vetch,  is  inferior  in  many  of  its  qualities  to  the  white  lu- 
jHn — ^yet  in  Southern  Greraiany  it  is  often  sown  on  the  stubble,  and 
ploughed  in  after  it  has  beep  touched  with  the  frost,  and -has  be^un 
to  decay.  In  England  also  the  winter  tare  ploughed  in  early  in  spnnfl^ 
has  been  found  highly  advantageous  (British  Husbcuidry,  I.,  p.  407.)  It 
is  a  more  precarious,  however,  and  a  more  expensive  crop  than  either 
of  the  former,  and  requires  a  better  soil  for  its  successliu  growth. 

4^.  Buck'  Wheat  is  also  too  uncertain  a  crop,  and  the  high  once  of 
its  seed  renders  it  inferior  in  value  to  spurryon  sandy  soils.  It  is  su- 
perior to  this  latter  plant,  however,  on  poor  heatluB.  In  Southern 
Germany  it  is  sown  on  the  stubble,  and  ploughed  in  when  it  is  18  or 
SO  inches  high« 

5°.  jRa^e  can  only  be  sown  upon  a  soil  which  is  already  in  some 
measure  rich,  but  it  has  the  advanta^  of  continuing  to  ^frow  very  late 
in  the  autumn,  and  of  beginning  again  very  early  in  spring.  It  sends 
'down  deep  roots  also,  and  loosens  clayey  soils  by  its  thick  stems.  In 
the  light  soils  of  Alsace  it  is  sown  Bfvsr  earfy  peas  and  potatoes,  and 
manures  the  land  for  the  succeeding  crop  of'^  wheat  or  rye. 

5^.  Rye  is  pronounced  by  Von  Y oght  to  be'  the  best  of  all  green 
manures  for  sandy  soils,  but  it  is  also  the  most  expensive.  It  is  a 
very  sure  crop  and  begins  to  grow  very  early  in  the  spring,  but  it  is 
not  deep  rooted.  It  has  been  used  with  advantage  in  Northern  Italy 
and  in  Germany.  ' 

6^.  Tunnpa  have  been  sown  in  Sussex  with  good  effect  as  a  stid>- 
ble  crop  for  ploughing  in  in  sprinfi^,  and  in  Norfolk  and  elsewhere  the 
portions  of  uie  turnip  bulbs  which  are  left  when  ihey  are  eaten  off 
ny  sheep  contribute,  when  ploughed  in,  to  enrich  the,  land  (or  the 
barley  that  is  to  follow.  Turnip  tops  are  in  many  places  ploughed 
in  with  much  benefit  to  the  land.*  Potatoe  tops  also  might  be  dug 
or  ploughed  in  with  equal  advantage. 

7^.  Borate  has  been  strongly  recommended  in  Germany,  and  es* 
pecially  by  Lampadius.  It  is  stated  by  this  experimenter  tluit  boni|(e 
draws  from  the  air  ten  times  as  much  of  the  elements  of  its  organie 
matter  as  it  does  from  the  soil,  and  that  therefore  it  is  admirably  fitud 
for  enriching  the  land  on  which  it  mws. 

S<>.  Eed  Clover  n  often  ploughed  m  as  a  manure.    On  the  Rhine  it 
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is  sown  for  this  purpoee,  being  ploughed  in  before  it  begins  to  flowerr 
In  French  Flanders  two  crops  of  clover  are  cut^  and  the  third  ploughed 
in.  and  in  some  parts  of  the  United  States  of  North  America  the  clover 
wnich  alternates  with  the  wheat  crop  is  ploughed  in  as  the  onlv  ma- 
nure (Barclay's  "  Agricultural  Tour  in  the  United  States.")  White 
Clover  is  not  so  valuable  for  this  purpose,  for  neither  is  it  so  deep 
nx>ted  nor  does  it  yield  so  large  a  crop  of  stems  and  leaves. 

9^.  0!d  GroM, — Perhaps  £e  most  common  form  of  green  manur- 
ing practised  in  this  country  is  that  of  ploughing  up  grass  lands  of 
various  ages.  The  green  matter  of  the  sods  serves  to  manure  the 
afler-crop,  and  renders  the  soil  capable  of  yielding  a  richer  return  at 
a  smaller  expense  of  manure  artificially  added. 

In  refgard  to  all  these  forms  of  ffreen  manuring  it  is  to  be  observed 
that  they  enrich  the  soil  generally,  and  are  therefore  well  fitted  to 
prepare  it  for  after-crops  of  com  ;  they  will  not  fit  it,  however,  for  a 
special  crop,  such  as  tumipsj  which  requires  to  be  unnaturally  forced 
or  pushed  forward  at  a  peurticular  period  of  4ts  growth. 

§  4.  Will  green  manuring  alone  prevent  land  from  becom  ing  exhaugted? 

If  by  ffreen  manuring  is  meant  the  growing  of  vegetable  matter  upon 
one  fieli^  and  ploughing  it  in  green  into  anoSier,  as  is  sometimes  done, 
it  majT  be  safely  said  that,  when  judiciously  practised,  land  may  by 
this  single  process  be  secured  for  an  indefinite  period  against  ex- 
haustion. But  if  we  plough  in  only,  what  the  land  itself  produces, 
and  carry  off  occasional  crops  of  com,  the  time  will  ultimately  come 
when  any  sod  thus  treated  will  cea^^  to  yield  remunerating  crops.  A 
brief  consideration  of  the  subject  will  satisfy  you  of  this. 

Suppose  a  loose  sand  to  be  improved  by  repeatedly  sowing  and 
ploughing  in  cropsof  spurnr  or  white  lupins,  the  green  leaves  and  stems 
nx  the  floating  elements  of  the  atmosphere,  and  enrich  the  soil  with  or- 
^ranic  matter,  while  the  roots,  more  or  less  deep,  bring  up  saline  matters 
U)  the  surface,  and  thus  supply  to  the  plant  what  is  no  less  necessary  to 
its  healthy  growth.  But  the  rains  yearljr  wash  away  from  the  surface, 
and  the  com  crops  remove,  a  portion  ofthis  saline  matter.  This  portion 
the  crops  jmwn  for  the  purpose  of  green  manuring  yearly  renew  by 
fresh  suppues  from  beneath.  But  no  subsoil  contains  an  inexhaustibb 
store  of  those  saline  substances  which  plants  requ  ire.  Hence,  though  by 
skilful  p^een  maouring  waste  land  may  be  brought  to  a  remunerative 
state  ot  fertility,  it  will  finally  relapse  again  into  a  state  of  nature,  if  no 
other  methods  are  subsequently  adopted  for  maintaining  its  productive- 
ness. The  process  may  be  a  slow  one,  and  practical  men  may  be  un- 
willing to  believe  in  the  possibility  of  a  result  which  does  not  exhibit  it- 
self within  the  currency  of  a  siuffle  lease,  or  during  a  single  life-time— 
yet  few  thin^  are  more  certain  man  that  in  general  the  soil  must  sooner, 
or  later  ret^eive  supplies  of  valine  manure  in  one  form  or  another,  or 
slse  must  ultimately  become  unproductive.  It  may  be  considered  as 
-a  proof  of  this  fact  that,  in  all  densely  peopled  countries  in  which 
agriculture  has  been  skilfully  prosecuted,  the  manufacturing  of  such 
manures  has  become  an  important  branch  of  business,  giving  em- 
ployment to  many  hands,  and  affording  an  investment  to  much  capital. 

The  fdlowing  table,  in  addition  to  other  particulars,  exhibits  the 
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relative  proportions  of  dry  organic  and  saline  matter,  capable  of  be- 
ing added  to  the  surface  soil  by  a  few  of  those  plants  wtdch  are  em- 
ployed for  the  purposes  of  remanuring  :^- 


1000  lbs.  coDUini 
In  Ute  green  stale  D<>pth  of 
Omranic  ^line      Rouls. 
Mauer.  Matter. 


f  Kind  of  Plant. 


Avonute 

produce 

per  imp. 

acre. 


SjTiiny 

White  Lupin. 


V'etch 

Buck- wheat. 
Ripe  ....... 


6,500 
25,000 

11,000 
8,090 
16,000 


Iba. 
199 
188 

233 
170 
214 


Ib«. 
21 
12 

17 
10 


inches. 
12  to 
24  to  26 


Id's 


Cro|« 
ina 
year. 


or3 
1  orU 


I5to20'      2 
12  :o  15)      2 
1       lorU 


Soil  fur  which  thej  a 
ilued. 


Dry,  loose,  sandy. 
Any  except   marly  Of 

calcareoas. 
Strong  soil. 
Dry,  sundy,  or  moorish. 
Rich  soil. 


§  5.  Of  the  practice  of  green  manuring. 

In  the  practical  adoption  of  green  manuring  it  is  of  importance  to 
boiir  in  mind — 

1°.  That  a  sufficient  quantity  of  seed  must  be  sown  to  keep  the 
ground  well  covered,  one  of  the  attendant  advantages  of  stubble 
crops  being  that,  they  keep  the  land  clean  and  prevent  it  from  becom- 
ing a  prey  to  weeds. 

^^.  That  the  plants  ought  to  be  mown  or  harrowed,  and  at  once 
ploughed  in  beflne  they  come  into  full  Jl<ncer.  The  flower-leaves 
give  off  nitrogen  into  the  air,  and  as  this  element  is  supposed  especi- 
ally to  promote  the  growth  of  plants,  it  is  desirable  to  retain  as  much 
of  it  in  the  plant  and  soil  as  possible.  Another  reason  is  that,  if  al- 
lowed to  ripen,  some  of  the  seed  may  be  shed  and  afterwards  infest 
the  land  with  weeds. 

3^.  That  they  should  be  ploughed  in  to  the  depth  of  3  or  4  inches 
ontv,  that  they  may  be  covered  sufficiently  to  prevent  waste,  and  yet  be 
within  reach  of  the  air;  and  of  the  early  roots  of  the  succeeding  crop. 

§  6.  ty  natural  manuring  with,  recent  vegetable  maiter. 

Besides  the  method  of  ploughing  in,  which  may  be  distinguished  ae 
artificial  green  manuring, — ^there  is  another  mode  in  which  recent  ve- 
g(^table  matter  is  employed  in  nature  for  the  purpose  of  enriching  the 
soil  The  natural  grasses  grow  and  die  upon  a  meadow  or  pasture  field, 
and  though  that  which  is  above  the  surface  may  be  mowed  (or  hay,  or 
cropped  by  cattle,  yet  the  roots  remain  and  gradually  add  to  the  quantity 
of  vegetable  matter  beneath.  The  same  is  the  case  to  a  greater  or  ien 
extent  with  all  the  artificial  com,  grass,  and  leguminous  crops  we  grow. 
They  all  leave  their  roots  in  the  soil,  and  if  the  quantity  of  organic  mat- 
ter which  these  roots  contain  be  greater  than  that  which  the  crop  we  car- 
ry off  has  derived  from  the  soil,  then,  instead  of  exhausting,  the  growth 
of  this  crop  will  actually  enrich  the  soil  in  so  far  as  the  presence  of  or- 
ganic matter  is  concerned.  No  crops,  perhaps,  the  tchole  proditce  ^ 
which  is  carried  off"  the  field,  leave  a  sufiicient  mass  of  roots  behind  them 
to  effect  this  end,  but  many  plants,  when  in  whole  or  in  part  eaten  upon 
the  field,  leave  enouffh  in  the  soil  materially  to  improve  the  condition  of 
the  land-awhile  in  im  cases  those  are  considered  as  the  least  exhaiut- 
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ing,  to  which  are  naturaliy  attached  the  largest  weight^roots.  Hence, 
the  main  reason  why  poor  lands  are  so  much  benStted  by  being  laia 
down  to  grass,  and  whv  an  intermediate  crop  of  clover  is  often  as  benefi- 
cial to  the  ailer-crop  of  com  as  if  the  land  lueul  lain  in  naked  fallow.  (If 
the  third  crop  be  ploi:^hed  in,  the  land  is  actually  exmched.^Sckwertz.) 
An  interesting  series  of  experiments  on  the  relative  weights  of  the 
roots  and  of  the  green  leaves  and  stems  of  various  grasses,  made  by 
Hlubek,  (EmuhruDg  der  Pflanzen,  p.  466,)  throws  considerable  light 
upon  their  relative  efficacy^  in  enriching  the  soil  by  the  vegetable  mat- 
ter they  diffuse  through  it  in  the  form  of  roots.  The  frrasses  were 
ffrown  m  beds  of  equsu  size  (180  square  feet)  in  the  agricultural  gar- 
den at  Laybach,  and  mown  on  the  fourth  year  afler  sowins,  just  as 
they  were  cominff  into  flower.  The  roots  were  then  carefully  taken 
up,  washed^  and  dried.    The  results  were  as  follows : 

WeMitoT 
Prodoce  In     Prodoea  In  Roots,  dry  Roots 

Kind  of  Qnm.  * • .     * -^ ^    lo  lUOIba. 

GraM.  IUt.  Fre«h.  Dry.  ofliftj. 
1.  FestucaElatior— 7)i22i^es0iM-^afS..  134  lbs.  36  lbs.  56  lbs.  29  lbs.  61  lbs. 
9.  Vt9\}iQaiO\\n9.^aiietfffsFtScuit-grass,    90       30       —         80       966 

3.  PhleumPratense— 7\iiioay-^aM...     ^        25        56         17         60 

4.  Dactylis  Glomerata~/2(H{f A  Cod^^ 

f(H»t 903       67       —        22*       83 

5.  lilium    Pcrenno— PerwHwaZ    Rye- 

ernss 60        17       —         50       300 

6.  Alopecoras  "Pnltntn^-^ Meadow  Fbo^  v 

Uth 106       35     .—        94        70 

7.  Triticufn  Repena-^  Creeping  Couch 

or  Outcbmrgrtm 190       60       —         70       116 

8.  Poa  Annua — Annual  Mea^lowgrast.    —        —        —         — >        111 

9.  Bromus    Mollis  and  Racemoeus — 

Soft  atiii  imooth  Brome-grass. —       —       —        —       106 

10.  Anthoxanthum    Odoratum — Sweet- 
scented  Vernal' grass —        —        —         —         d3 

A  mixture  of  white  clover,  of  ribwort,  of  hoary  plantain,  and  of 
couch-grass,  in  an  old  nasture  field,  gave  400  lbs.  of  dry  roots  to  100 
lbs.  of  hay — and  in  a  dover  field,  at  the  end  of  the  second  year,  the 
fresh  roots  were  equal  to  one-third  of  the  whole  weight  of  ffreen  clo- 
ver obtained  at  three  cuttings — one  in  the  first,  and  two  in  tne  second 
year— while  in  the  dry  state  there  were  56  lbs.  of  dry  roots  to  every 
100  lbs.  of  clover  hay  which  had  been  carried  off. 

The  fourth  column  of  the  above  table  shows  how  large  a  quantity  of 
vegetable  matter  some  of  the  ^prasses  impart  to  the  soil,  and  yet  how  un- 
like the  different  grasses  are  m  this  respect  The  sheep's-fescue  and 
the  perennial. rye-grass — ^besides  the  dead  roots,  which  detach  them- 
selves from  time  to  time — ^leave,  at  the  end  of  the  fourth  year,  a  weight 
of  living  roots  in  the  soil  which  is  equal  to  three  times  the  produce  of 
that  year  in  hay.  If  we  take  the  mean  of  all  the  above  grasses  as  an 
average  of  what  we  may  fairly  expect  in  a  grass  field— then  tJie  amount 
of  living  roots  left  in  Hie  soil  when  afour-year^ld  grass  field  is  ploughs 
ed  up,  will  he  equal  to  one-€ucth  more  than  the  weight  ofUuU  yearns  crop. 

In  an  old  pasture  or  meadow  field  again,  when  ploughed  up,  the 
Kving  roots  left  are  epual  to  four  times  the  weight  of  that  yearns  hojf 
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crop.  If  a  ton  and  a  half  of  hay  have  been  reaped— Aen  aboat  fix 
tons  of  dry  vegetable  matter  remain  in, the  soil  in  the  form  of  roots. 

In  the  case  of  doTer,  at  the  end  of  tlie  second  year  the  quantity  of 
dry  vegetable  matter  left  in  the  form  of  roots  is  equal  to  upwards  of 
one-haS*  the  weight  of  the  whole  hay  which  the  clover  has  yielded. 
Suppose  there  be  three  cuttings,  yielding  4  tons  of  hay,  then  2  tons 
rf  dry  vegetable  matter  are  cMdea  to  the  soil  in  the  form  of  rooii, 
when  the  clover  etubble  ib  ploughed  up. 

But  the  quantity  of  roots,  like  that  of  sreen  produce,  is  dependent 
upon  a  variety  of  circumstances.  It  will  sometimes,  -  theretbre,  be 
greater  and  sometimes  less  than  is  above  stated.  It  may  be  received 
as  a  rule-;-not  without  exceptions  perhaps,  yet  still  as  a  general  rale 
— that  wliatever  causes  an  increased  produce  above  around,  will 
cause  a  corresponding  increase  in  the  growth  of  rooUk  Thus  nitrate 
of  soda,  which  gives  us  a  larger  yield  of  hay,  makes  the  roots  also 
Btronffer  and  deeper,  and  the  sward  tougher  and  more  difficult  to 
plou^  (Appendia:,  No.  III.)  Hente  it  is  that  the  farmer  is  anxious 
that  his  clover  crop  should  succeed,  not  merely  for  the  increased 
amount  of  green  food  or  of  hay  it  will  give  him,  but  because  it  will 
secure  him  also  a  better  afler-crojp  of  com. 

This  buryinff  of  recent  vegetable  matter  in  the  soil,  in  the  form  of 
living  and  dead  roots  of  plants,  is  one  of  those  important  ameliorating 
operations  of  nature  which  is  always  to  some  extent  goin^on,  where- 
ever  vegetation  proceeds.  It  is  one  by  which  the  practical  man  is 
oflen  benefitted  unawares,  and  of  which— too  often  without  undei^ 
standing  the  source  from  whence  the  advanta^  comes — ^he  syste- 
matically avails  himpelf  in  some  of  the  most  skilful  steps  he  tekes 
with  a  view  to  the  improvement  of  his  land. 

$  7.  Improvement  of  the  soil  by  laying  down  to  gra$$. 

One  of  the  most  common  of  these  methods  of  improvement  is  that 
of  laying  down  to  grass.    This  may  be  done  for  two.  three  or  four 

J  rears  only,  or  for  an  indefinite  period  of  time.  In  the  latter  case,  the 
and  is  said  to  be  laid  down  permanently,  or  to  permanent  pasture. 

1°.  Temporary  pasture  or  meadow. — If  the  land  be  sown  with 
grass  and  clover-seeds,  only  as  an  alternate  crop  between  two  sow- 
ings of  com,  the  effect  is  fully  explained  by  what  has  been  already 
stated  (§  6.)  The  roots  which  are  left  in  the  soil  enrich  the  surface 
with  both  organic  and  inorganic  matter,  and  thus  fit  it  for  bearing  a 
better  after-crop  of  com. 

If,  again,  it  be  left  to  grass  for  three  or  five  years,  the  same  efiect  ts 
produced  more  fully,  and  therefore  this  longer  rest  from  com  is  better 
fitted  for  soils  which  are  poor  in  vegetable  matter.  The  quantity  of 
organic  matter  which  has  accumulated  becomes  greater  every  year,  in 
consequence  of  the  annualdeath  of  stems  and  roots,  and  of  the  soil  being 
more  closely  covered,  but  this  increase  is  probably  never  in  any  one 
afler-year  equal  to  that  which  takes  place  during  the  first  The  quan- 
tity or  roots  which  is  produced  during  the  first  year  of  the  young  puuits* 
growth  must,  we  may  reasonably  suppose,  be  greater  tnan  can  ever 
aflerwards  be  necessary  in  an  e^ual  space  of  time.  Hence,  one  good 
year  of  grass  or  clover  will  ennch  the  soil  more  in  proportion  to  IA«  1 


ULTiivo  DOtrii  TO  criUM.— -RBMAN  Bfrr  pjumfiB.  425 

time  expended,  than  a  rest  of  two  or  three  years  in  grass,  ifannuaUy 
mowed. 

Or  if,  instead  of  being  mown,  the  produce  in  each  case  be  eaten  off 
by  stock,  the  result  willbe  the  same.  That  which  lies  longest  will  be 
the  richest  when  broken  up,  but  not  in  an  equal  proportion  to  the  time 
it  has  lain.  The  produce  of  green  parts,  as  well  as  of  roots^  in  the  ar- 
tificial grasses^  is  generally  greatest  during  the  first  year  afler  they  are 
sown,  and  therefore  the  manuring  derivea  from  the  droppings  of  the 
stock,  as  well  as  from  the  roots,  wiU  be  greatest  in  proportion  during  the 
first  year.  That  farming,  therefore,  is  most  economical— 'where  the 
land  will  admit  of  it — ^whicti  permits  the  cbver  or  grass  seeds  to  occupy 
the  land  for  one  year  only. 

But  if  after  the  first  year's  hay  is  removed,  the  land  be  pastured  for 
two  or  three  years  more,  it  is  possible  that  each  succeeding  year  may 
enrich  the  surface  soil  as  much  as  the  roots  and  stubble  or  the  first 
year's  hay  had  done ;  so  that  if  it  lay  three  years  it  might  obtain 
three  times  the  amount  of  impnfvement  This  is  owing  to  the  gT' 
Gumstance  that  the  whole  produce  of  the  field  remains  upon  it,  ex^ 
cept  what  is  oarried  off  by  the  stock  when  removed— but  very  much, 
it  IS  obvious,  will  depend  upon  the  nature  of  the  soil,  and  upon  the 
selection  of  the  seeds  being  such  as  to  secure  a  tolerable  produce  of 
green  food  during  the  second  and  third  years^ 

2°.  Permanent  pagture  or  meadow.-^Bot  when  land  is  laid  down 
to  permanent  grass  it  undergoes  a  series  of  further  changes,  which 
have  fi^quently  arrested  attention,  and  which,  though  not  difficult  to 
be  understood,  have  often  amieared  mysterious  and  perplexing  to 
practica]  men.    Let  us  consider  these  clianges. 

a.  When  grass  seeds  are  sown  ibr  the  purpose  of  forming  a  per- 
manent swara,  a  rich  crop  of  grass  is  obtained  during  the  first,  and 
perhaps  also  the  second  year,  but  the  produce  after  three  or  four 
years  lessens,  and  the  value  of  the  pasture  diminishes.  The  plants 
sfenerally  die  and  leave  blai^  spaces,  and  these  again  are  slowly 
filled  up  by  the  sprouting  of  seeds  of  other  species,  which  have  either 
kin  long  buried  m  the  soil  or  have  been  brought  thither  by  the  winds. 

This  first  chan^,  wliich  is  almost  universsuly  observed  in  fields  of 
artificial  grass,  arises  in  part  from  the  change  which  the  soil  itself  has 
undergone  during  the  few  years  that  have  elapsed  since  the  mss 
seeds  were  sown,  and  in  part  from  the  species  of  grass  selectea  not 
being  such  asihe  soil,  at  any  time^  coula  permanently  sustain. 

b.  When  this  deterioration,  arising  from  the  dying  out  of  the  sown 
grasses,  has  reached  its  utmost  point,  the  sward  begins  gradually  to 
improve,  natural  grasses  suited  to  the  soil  spring  up  in  the  blank  places, 
and  from  year  to  year  the  produce  becomes  greater  and  greater,  and 
the  land  yields  a  more  valuable  pasture.  Practical  men  often  say 
that  to  this  improvement  there  are  no  bounds,  and  that  the  older  the 
pasture  the  more  valuable  it  becomes. 

But  this  is  true  only  within  certain  limits.  It  may  prove  true  for 
the  entire  currency  of  a  lease,  or  even  for  the  lifetime  of  a  sinsle  ob- 
server, but  it  is  not  generally  true.  Even  if  pastured  by  stock  only  and 
never  mown,  the  improvement  will  at  length  reach  its  limit  or  highest 
pokit,  aiid  fram  tfaistimetl^vafaie  of  the  swardwiU  begin  to  dimmish. 
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c.  This,  affaiD;  is  owing  to  a  new  change  which  has  come  over  the 
soil.  It  has  become,  m  some  degree,  exnausted  of  those  substances 
which  are  necessary  to  the  growth  of  the  more  valuable  grasses- 
less  nutritive  species,  therefore,  and  such  as  are  less  willingly  eaten 
by  cattle,  take  their  place. 

Such  is  the  almost  universal  process  of  change  which  old  grass  fields 
undergo^  whether  they  be  re^larly  mown  or  constantly  pastured  oni^ 
— provided  they  are  lefl  entirely  to  themselves.  If  mown  they  begin 
to  fail  the  soone^y  but  even  when  pastured  they  can  be  kept  in  a  state 
of  full  productiveness  only  by  repeated  top-dressinffs.  especially  of  sa- 
line manure — that  is,  by  adding  to  the  soil  those  substances  which  are 
necessary  to  the  growth  of  the  valuable  grasses,  and  of  which  it  sul^ 
fers  a  yearly  and  unavoidable  loss.  Hence,  Uie  rich  grass  lands  of 
our  fathers  are  found  now  in  too  many  cases  to  yield  a  herbage  of 
little  value.  Hence,  also,  in  nearly  all  countries,  one  of  the  first  steps 
df  an  improving  agriculture  is  to  plough  out  the  old  and  failing  pas- 
tures, and  either  to  convert  them  pen&anently  into  arable  fields,  or  aAer 
a  few  years'  cropping  and  manuring,  aaain  to  lay  them  down  to  grass. 

But  when  thus  ploughed  out  the  surjaee  soil  upon  old  grass  &id  is 
found  to  have  undergone  a  remarkable  alteration.  When  sown  with 
grass  seeds,  it  may  have  been  a  stiff,  more  or  less  grev,  blue,  or  yellow 
clay — when  ploughed  out  it  is  a  rich,  brown,  generally  Uffht  and  fria- 
ble vegetable  mould.  Or  when  laid  down  it  may  have  been  a  pale- 
colored,  red,  or  yellow  sand  or  loam.  In  this  case  the  surface  soil 
is  still,  when  turned  up,  of  a  rich  brown  colour — it  is  lighter  onty  and 
more  sandy  than  in  the  former  case,  and  rests  upon  a  subsoil  of  sand 
or  loam  instead  of  one  of  clay.  It  is  irom  the  production  of  this  change 
that  the  improvement  caused  by  laying  down  to  grass  principally  re- 
sults.   In  what  does  this  change  consist?  and  how  is  it  effected  ? 

If  the  surface  soil  upoastifi*  clay  lands,  which  have  lain  long  in  grass^ 
be  chemically  examined,  it  will  be  found  to  be  not  only  much  rk;her 
in  organic  matter,  but  oilen  also  poorer  in  alumina  than  the  soil  which" 
formed  the  surface  when  the  grass  seeds  were  first  sown  upon  it 
The  brown  mould  which  forms  on  lighter  lands  will  exhibit  similar 
differences  when  com])ared  with  the  soil  on  which  it  rests ;  but  the 
proportion  of  alumina  in  Uie  latter  being  originally  small,  the  diffe- 
rence in  respect  to  this  constituent  wiU  not  be  so  perceptible. 

The  effect  of  this  change  on  the  surface  soil  is  m  all  cases  to  make 
it  more  rich  in  those  substances  which  cultivated  plants  require,  and 
therefore  more  fertile  in  corn.  But  strong  day  lands  derive  the  far- 
ther important  benefit  of  being  rendered  more  loose  and  friable,  and 
thus  more  easily  and  more  economically  cultivated. 

The  mode  in  which  this  change  is  brought  about  is  as  follows : — 

1°.  The  roots,  in  penetrating,  open  and  loMen  the  subjacent  stifi'clay. 
Difiiising  themselves  every  where,  they  gradually  raise,  bv  increasii^ 
the  bulk  of,  the  surface  soil.  The  latter  is  thus  converted  into  a  mix- 
ture of  clay  and  decayed  roots,  which  is  of  a  dark  colour,  and  is  necessa- 
rily more  loose  and  friable  than  the  original  or  subjacent  unmixed  clay. 

2°.  But  this  admixture  of  roots  ef&cta  the  chemical  compoeitkmas 
well  as  the  state  of  aggrej;ation  of  the  soil  The  roots  and  stems  of 
the  grasses  cont«^  twwhmorgaiiie-«-earthy  and  saUDe--intttler(Ltti 


ACVNCT  or  THC  RAINS  ARO  WINDS.  427 

IX..  §  1),  which  is  gathered  from  beneath,  wherever  the  roots  pene- 
trate, and  is  by  them  sent  upwards  to  th^  surface.  A  ton  of  hay  con- 
tairts  about  170  lbs.  of  this  inorganic  matter  (Lee.  X..  §  3).  Suppose 
tlie  roots  to  contain  as  much,  and  th&t  the  total  annual  produce  of 
grass  and  roots  together  amounts  to  four  tons,  then  about  680  lbs.  of 
saline  and  earthy  matters  are  every  year  worked  up  by  the  living 
plants,  and  in  a  great  measure  permanently  mixed  with  the  surface 
soil.  Some  of  this,  no  doubt,  is  carried  off  by  the  cattle  that  feed, 
and  by  tlie  rains  that  fall,  upon  the  land — some  remains  in  the  deeper 
roots,  and  some  is  again,  year  after  year,  employed  in  feeding  the 
new  growth  of  OTass — still  a  sufficient  quantity  is  eveiy  season 
brought  up  from  beneath,  gradually  to  enrich  the  surface  wtth  valua- 
ble inorganic  matter  at  the  expense  of  the  soil  below.' 

3°.  Nor  are  mechEinical  agencies  wanting  to  increase  this  natural 
difference  between  the  surface  and  the  under  soils.  The  loosening 
ahd  opening  of  the  clay  lands  by  the  roots  of  the  grasses  allow  the 
rains  more  easy  access.  The  rains  gradually  wash  out  the  fine  par- 
ticles of  clay  tnat  are  mixed  with  me  roots,  and  carry  them  down- 
wards, as  they  sink  towcu'ds  the  subsoil.  Hence  the  brown  mould,  as 
it  forms,  is  slowly  robbed  of  a  portion  of  its  alumina,  and  is  rendered 
more  open,  while  the  under  soil  becomes  even  stiffer  than  before. 
This  sinking  of  the  alumina  is  in  a  great  measure  arrested  when  tlie 
soil  becomes  covered  with  so  thick  a  sward  of  grass  as  to  break  the 
force  of  the  rain-drops  or  of  the  streams  of  water  by  which  the  land 
is  periodically  visited.  Hence  the  soil  of  some  rich  pastures  contains 
as  much  as  10  or  IS,  of  others  as  little  as  2  or  3  per  cent  of  alumina. 

4°.  The  winds  also  here  lend  their  aid.  From  the  naked  arable 
lands,  when  the  weather  is  dry,  every  blast  of  wind  carries  off  a  portion 
of  the  dust.  This  it  suffers  to  fall  again  as  it  sweeps  along  the  surface 
of  the  grass  fields — the  thick  sward  arresting  the  particles  and  sifting 
the  air  as  it  passes  tlirough  them.  Everywhere,  even  to  remote  dis- 
tricts, and  to  great  elevations,  the  winds  bear  a  constant  sinall  burden 
of  earthy  matter;*  but  there  are  few  practical  agriculturists  who,  du- 
ring our  high  winds,  have  not  occasionally  seen  the  soil  carried  off  in 
large  quantities  from  their  naked  fields.  Upon  the  neighbouring  grass 
lards  this  soil  falls  as  a  natural  top^ressing,  by  which  the  texture  of 
the  surface  is  gradually  changed  and  its  chemical  constitution  altered. 

5^.  Another  important  agency  also  must  not  be  overlooked.  In  grass 
lands  Insects,  and  especially  earth-worms,  abound.  These  almost 
nightly  ascend  to  the  surface,  end  throw  out  portions  of  finely-divided 
earthy  matter.  On  a  close  shaven  lawn  the  quantity  thus  spread  over 
the  surface  in  a  single  night  often  appears  surprising.  In  the  lapse  of 
years  the  accumulation  of  the  soil  from  this  cause  must,  on  old  pasture 
fields,  be  very  great  It  has  often  attracted  the  attention  of  practical 
men,T  and  so  sSiking  has  it  appeared  to  some,  that  they  have  been  ior 

*  It  ha^  been  ohverred  that  on  vpotg  parpoaelf  ■hdter^d  from  the  wind  and  rain  on  Btwj 
•id^,  Qif.  qnmnt\ty  of  duet  that  la  collected,  whan  premed<knm»  h  In  3  yean  equal  to  one  Hue, 
or  tfn  36  jfeara  to  one  iruA  in  <M'dbiear.~flprenf  el,  Lakn  vom  Ddngtr^  p.  443. 

t  The  permanence  cf  a  fine  earpetinf  of  rieh  fweet  fraea  upon  a  portion  of  hie  farm  Is 
■eertb'd  (by  Mr  Purdie)  to  **  the  apewTofa  of  worma.  apparently  hnmpneely  nameroQiL 
whlc^  inoe—iiUy  aet  as  a  fleh  lopdnMU^.''— i¥tet  Emt^  ^  tht  Biihlami  iSbe<M|r,  L 
p.  191. 
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-  olined  to  attribute  to  the  slow  but  constant  labour  of  these  inflects,  th« 
entire  formation  of  the  fertile  surface  soils  over  large  tracts  of  country. 
(^Geological  Transactions.") 

I  have  directed  Vour  attention  to  these  causes  chiefly  in  explana- 
tion of  the  changes  which  by  long  lying  in  grass  the  surface  of  our 
■tiff  clay  lands  is  found  to  under^.  But  they  apply  equally  to  other 
soils  also — die  only  difference  being  that,  in  the  case  of  such  as  are 
already  liffht  and  open,  the  change  of  texture  is  not  so  great,  and 
therefore  does  not  so  generally  arrest  the  attention. 

Upon  this  subject  I  may.  trouble  you  further  with  two  practical  re- 
marks: 

1^.  That  the  richest  old  grass  lands — those  which  have  remained 
longest  in  a  fertile  condition — are  generally  upon  our  strongest  clay 
soils  (the  Oxford  and  Lias  clays,  Lee.  XL,  §  8).  This  is  owing  to 
the  fact  that  such  soils  naturally  contain,  and  oy  their  comparative 
impermeability  re-tain,  a  larser  store  of  those  inorganic  substances  on 
which  the  valuable  grasses  five.  When  the  surface  soil  becomes  de- 
ficient in  any  of  these,  the  roots  descend  further  into  the  subsoil  and 
bring  up  a  fresh  supply.  But  these  grass  lands  are  not  on  this  account 
exempt  from  the  law  above  explained,  in  obedience  to  which  all  pas- 
tured lands,  when  left  to  nature,  must  ultimatelv  become  exhausted. 
They  must  eventually  become  poorer ;  but  in  tneir  case  the  deterio- 
ration will  be  slower  and  more  distant,  and  by  judicious  top-dressings 
may  be  still  longer  protracted.    ' 

2^.  The  natural  cnanges  which  the  surface  soil  undergoes,  and  es- 
pecially upon  clay  lands  when  laid  down  to  grass,  explain  why  it  is  so 
difficult  to  procure,  b  v  means  of  artifical  grasses,  a  sward  equal  to  that 
which  grows  naturally  upon  old  pasture  lands.  As  the  soil  changes 
upon  our  artificial  pastures,  it  becomes  better  fitted  to  nourish  other  spe- 
cies of  grass  than  those  which  we  have  sown.  These  naturally  spring 
up,  therefore,  and  cover  the  soil.  But  these  intruders  are  themselves 
not  destined  to  be  permanent  possessors  of  the  land.  The  soil  under- 
goes a  further  chan^,  and  new  species  again  appear  upon  it  *  We  can- 
not tell  how  often  different  kinds  of  grass  thus  succeed  each  other  upon 
the  soil,  but  we  know  that  the  final  rich  sward  which  covers  a  grass  field 
when  it  has  reached  its  most  valuable  condition,  is  the  result  of  a  long 
series  of  natural  changes  which  time  only  can  bring  about 

The  soil  of  an  old  pasture  field,  which  has  been  ploughed  up,  is  made 
to  undergo  an  important  change  both  in  texture  and  in  chemical  con- 
stitution, before  it  is  again  laid  down  to  grass.  The  same  grasses, 
therefore,  which  previously  covered  it  wul  no  longer  flourish,  even 
when  they  arc  sown.  Hence  the  unwillingnera  felt  by  practical  men 
to  plough  up  their  ol<T  pastures — ^but  hence,  also,  the  benefit  which 
results  fl-om  the  breaking  up  of  such  as  are  old,  worn  out,  or  covered 
with  unwholesome  grasses.  When  again  converted  into  pasture  land^ 
new  races  appear,  and  a  more  nourishing  sward  is  produced.* 


*  For  an  ezeeUent  ardele  on  the  ■ap«r1or  feadlni  qnalltlea  of  recent  artificial  l 
OT^r  munT  old  pajiture  landa,  by  Mr.  BoaweU,  of  KJn|cao««le,  aee  the  Quarurij/  Jomntl 
^AsrteuitHn,  N.,  p.  788. 


IMPIIOTIlCBflT  OP  TBB  SOIL  BT  PLAHTmO  OV  miM.  4SK^ 

^     §  8.  Improvement  ef  ike,  mnJL  by  the  planting  tif  trtm. 

It  haa  long  been  obeenred  b^  practical  men,  that  when  poor,  thin, 
unprodactiTe  soils  have  been  for  Mine  time  covered  with  wood,  their 
^ality  materially  improves.  In  the  intervals  of  the  open  forect,  they 
will  produce  a  valuable  herbage— or  when  cleared  of  trees  they  may 
for  some  time  be  made  to  yield  profitable  crops  of  com. 

This  fact  has  been  observed  in  ahnost  every  country  of  Europe,  but 
the  most  precise  observations  upon  the  subject  with  which  I  am  ao- 
quainted  are  those  which  have  been  made  in  the  extensive  plantations 
of  the  late  Duke  of  AtteL  These  plantations  consist  chiefly  of  white 
larch  {Larix  EttropaOf}  and  ffrow  upon  a  poor  hilly  soil,  resting  on 
gneiss,  mica-slate,  and  clay-smte  (Lee  XL,  §  8.)  In  six  or  seven 
years  the  lower  branches  spread  out,  become  interlaced,  and  com- 
pletely overshadow  the  ground.  Nothing,  therefore,  grows  upon  it 
till  the  trees  are  2^  years  old,  when  the  spines  of  the  lower  branches 
beginning  to  fall,  the  fi^  considerable  thinninff  takes  place.  Air  and 
light  being  thus  re-admitted,  grasses  (chiefly  Ao/ctM  mollis  and  lana- 
tHs)  spring  up,  and  a  fine  sward  is  gradually  produced.  The  ground, 
which  previously  was  worth  only  w.  or  Is.  per  acre  as  a  sh^p  pas- 
ture, at  the  end  of  90  years  becomes  worth  from  78.  to  10s.  per  acre. 

The  soil  on  this  part  of  the  Duke's  estate  is  especiaUv  propitious  to 
the  larch — and,  therefore,  this  tree  both  thrives  best  and  m  tne  great- 
est degree  improves  the  soiL  Thus  in  oak  copses,  cut  every  24  years, 
the  sou  becomes  worth  only  5s.  or  6s.  per  acre,  and  this  during  the  last 
six  years  only.  Under  an  ash  plantation,  the  improvement  amounts 
to  28.  or  Ss.  per  acre ;  under  Scotch  fir.  it  does  not  exceed  6d.  an  acre 
-r-while  under  spruce  and  beech  the  land  is  worth  less  than  before. 
Mr.  Stephens,  in  the  Traneactume  of  the  Highland  Society^  xi.,  p. 
19;  also  Loudon's  EneyhpcuUa  rf  Agriculture,  p.  1346.) 

The  main  cause  of  this  improvement,  as  of 'that  which  is  produced 
by  laying  down  to  grass,  is  to  be  found  in  the  natural  manuring  with 
recent  vegetable  matter,  to  which  the  soil  jear  by  year  is  so  long 
subjected.  Trees  differ  from  grasses  only  m  this,  that  while  the  lat- 
ter enrich  the  soil  bo&  by  their  jroots  and  by  their  leaves,  the  former 
manure  its  surface  only  by  the  leaves  which  they  shed. 

The  leaves  of  trees,  like  those  of  grasses,  contain  much  inorganic  mat- 
ter, and  this  when  annnallf  spread  upon  thejmnound  slowly  adds  to  the 
depth  as  well  as  to  the  richness  of  the  soil  Thus  the  leaves  of  the  fol- 
lowing trees,  when  dried  in  the  air,  contain  respectively  of  inorganic 
matter  ((Sprengel,  C^miefur  Landwirihe,  ii.,  passim)  :— 
Apffl.  AiijpMt  NoTembsr. 

Oak —  0  per  cent  4|  per  cent 

Ash —  64       «  —       « 

Beech —  7         «  6i        « 

Birch —  5         «  —       « 

Bhn    .—  Ill        «  ^       « 

Willow —  Sk       «  —       « 

White  Larch 6  J.  percent—       "    .  —        " 

ScotchPir —     .  «       «  —       « 

In  looking  at  the  diflerencep  among  these  numbers— especially  in 
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the  case  of  the  elm  and  of  the  Scotch  fii^-oDe  wonld  natarally  sup- 
pose that  the  diversity  of  their  effiscts  in  improying^  the  land  va  in  some 
measure  to  he  ascribed  to  the  quanti^  and  kind  of  the  inorganic  mat- 
ter ixhich  the  leaves  of  these  seveml  trees  contain.  And  to  this 
cause,  no  doubt,  some  effisct  is  to  be  ascribed  in.  localities  vhere  ail 
the  trees  thrive  equally. 

Bu^upon  the  quantity  of  leaves  produced,  as  much  in  general  will 
depend,  as  upon  the  relative  proportions  of  organic  and  inorganic 
matter  which  these  leaves  may  respectively  contain.  And  as  the 
quantity  of  leaves  is  always  greatest  where  the  tree  flourishes  best  or 
finds  a  roost  propitious  soil — the  improvement  of  the  soil  itself,  by 
any  particular  tree,  will  be  always  in  a  great  measure  determined  by 
its  fitness  to  promote  the  growth  of  that  kind  of  tree. 

On  the  soil  planted  by  the  Duke  of  Athol,  the  larch  shot  up  luxu- 
riantly, while  the  Scotch  fir  lingered  and  languished  in  its  m>wth. 
Thus  the  quanti^  of  leaves  produced  and  annually  shed  by  the 
former  was  vastly  sreater  than  by  the  lattei;  tree.  Had  the  Scotch 
fir  thriven  better  than  the  larch,  the  reverse  might  have  been  the 
case^  and  the  value  of  the  soil  mig^ht  have  been  increased  in  a  great- 
er proportion  by  plantations  of  t&  former  tree. 

Other  special  circumstances  also  will  account  for  the  relative  do* 
grees  of  improvement  produced  by  the  larch  and  by  some  of  the 
other  trees — for  example,  the  oak.  In  the  oak  copse  the  soil  in  16 
years  become  worth  6s.  or  8s.  an  acre.  If|  therefore,  instead  of  being 
cut  down  for  their  bark  at  the  end  of  24  years,  the  trees  had  been  af 
lowed  to  grow  up  into  an  oak  forest,  the  permanent  improvement  of 
the  pasture,  even  on  this  soil,  would  probably  have  been  at  least  as 
great  as  under  the  larch.  The  above  expenmenta,  therefore,  are  in 
reality  not  so  decisive  in  regard  to  the  relative  improving  power  of 
the  several  species  of  trees  as  they  at  first  sight  appear.  The  most 
rational  natural  rule  by  which  our  prsM^tice  should  be  guided  seems 
to  be  contained  in  these  three  propositions — 

1°,  That  the  soil  wfll  be  most  improved  by  those  trees  which  thrive 
best  upon  it 

2°,  Among  those  which  thrive  equally,  by  such  as  yield  the 
largest  produce,  of  leaves,  and — 

3°.  Among  such  as  yield  an  equal  weight  of  leaves,  by  those  whose 
leaves  contain  the  largest  proportion  of  inorganic  matter— which 
bring  up  from  beneath,  that  is,  and  spread  over  the  surfi&ce  in  largest 
quantity,  the  materials  of  a  fertile  solL 

The  mode  in  which  the  lower  branches  of  the  larch  spread  out  and 
overshadow  the  surfkce  is  not  without  its  influence  upon  the  ultimate 
improvement  which  the  soil  exhibiUk  All  vegetation  oeinff  prevented, 
the  land,  besides  receiving  a  yearly  manure  of  vegetable  mould,  la 
made  to  lie  for  upwards  of  20  years  in  uninterrupted  naked  fallow. 
It  is  sheltered  also  from  the  beating  of  the  rain  drops,  which  descend 
slowly  and  gently  upon  it,  bearing  principles  of  mrdlity  instead  of 
washing  out  the  valuable  saline  substances  it  may  contain. 

Beneath  the  overshadowinff  branches  of  aforest,  the  soil  is  also  pro- 
tected from  the  wind,  and  to  this  protectkm  Sprengel  attributes  much 
#f  that  rapid  improvement  so  genarally  ttqierien^  where  lands  are 


hovered  wHh  wood.  The  winds  bear  along  pertidea  of  earthy  mat- 
ter (see  note,  p.  427,)  which  they  deposit  again  in  the  still  forests ;  and 
thus  gradually  form  a  soil  even  on  the  most  naked  places.  This  slow 
general  cause  of  accumulation  may  not  be  without  its  effect,  and 
flhould  not  be  forgotten,  but  it  evidently  affords  no  explanation  whV| 
m  the  same  range  of  country,  ihe  soil  which  is  covered  by  forests  oi 
one  kind  should  improve  more  rapidly  than  those  which  are  sheltered 
by  trees  of  another  species. 

§  9.  Cftheuaeqf  tea-^weed  a»  a  manure* 

Among  green  manures  of  great  value  and  extensive  application 
there  remains  to  be  noticed  the  searweed  or  sea-ware  of  our  coasts^ 
The  marine  plants  of  which  it  consists  difiar  from  the  green  vege^ 
tables  ffrown  upon  land, — 

1^.  By  the  greater  rapidity  with  which  they  undergo  decay.  When 
laid  as  top-dressings  upon  the  land  they  melt  down,  as  it  were,  and  in 
a  short  time  almost  entirely  dittppear*  Mixed  with  soil  into  a  com* 
post  or  with  quick-lime,  they  speedily  crumble  down  into  a  black  earth, 
In  which  little  or  no  trace  of  the  plant  can  be  perceived. 

2°.  By  the  jgreater  proportion  of  saline  or  other  inorganic  matter 
Which^these  juante.  in  their  dry  state,  contain.  It  is  these  substances 
which  are  obtainea  in  the  form  of  kelp  when  dry  sea- weeds  afeburn* 
ed  in  the  air. 

We  have  seen  (Lee.  X.,  §  3,)  that  the  quantitv  of  ash  leR  by  1000 
lbs.  of  our  more  usually  cultivated  grasses,  in  tae  drv  state,  varies 
from  5  to  nearly  10  per  cent,  but  the  fucua  vencuwsus^  which  is 
reckoned  the  most  valuable  for  the  manufacture  of  kelp,  jdves  up 
wards  of  160  lbs.  of  ash  from  100  lbs.  of  the  dry  plant  This  ash, 
according  to  Fagerstrdm,  consists  of-^ 

Qypsum.'. * e3'4  Ibe. 

Carbonate  of  Lime 34*1  « 

Iodide  of  Sodkim 2-7  « 

Other  Salts  of  Soda 29*9  « 

Silica,  Oxide  of  Iron,  and  earthy  Pho«phate8.31-l  « 

161-2*  . 

This  ash  contains  less  potash,  but  more  soda  and  gypsum,  than 
those  of  the  grasses,  (L6C...X.,  §  3,)  and  hence,  as  you  will  readily 

'  Bendiita  AnberHtflas,  1804,  p.  2».—U  we  eomMre  the  eompoaltlon  of  this  ash  with 
that  of  the  serenl  faileties  of  M«,fhreii  In  page  an,  It  will  be  seen  to  differ  from  th^U 
♦ery  cooaiderablj.  ftuc  kelp  Is  atways  manu&etored  from  a  Bixtnrs  of  dtifereot  plants 
In  wyinc  pioportloaB,  and  hMiM  ons  cuss  of  the  dlvwikj  of  eompoalUoa  sinoiic  diifer- 
sot  nonpTes  of  fhls  substance. 

Bpreogel  states  (Xs&rs  vem  D§ugm^  p.  8f7»)  tlutf  the  ^HSiit  vmieulmiM  eootalns  only  IS 
per  cant«  of  watar.  1  do  not  kaow  whether  this  |s  the  lesalt  of  experimenu  of  his  own, 
but  I  have  not  Introdoced  it  into  the  text,  because  it  appears  to  me  inconsistent  with  the 
veBanrlcable  manner  in  which  sen-weed  shitYMi  op  when  dried,  snd  with  its  little  permsr 
Benee  as  a  manors.  **  If  an  acre  of  bnd  is  compleCelycorered  with  it,  after  n  few  days 
«f  di7  weather,  the  whole  woakS  not  weigh  90O  Iba  The  IUmpdos  parts  reduced  to  mere 
threeds  akine  remain— so  tYk9tUi»Uke  mmmring  land  wttk  cobwtV*  (Dr.  Walker. )  This 
wonld  seem  to  imply  the  preseaee  of  a  larger  quantity  of  water  In  fresh  sea*weed  than  in 
ipeen  grass,  and  consequently  a  less  eflkacy  as  a  manurs  whan  applied  In  eaual  weights. 
According  to  Boucsingaolt,  the  fuetit  dlgUatu§  contains  40  per  cent  of  water,  and  the 
fucA  mueharimu  78  per  cenL  when  newly  taken  from  the  sen,  and  40  per  c«nt  after  being 
aiiidlntbealr. 
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Qhderetand,  may  be  eifpected  to  exercise  a  somewhat  different  influ* 
ence  upon  vegetation. 

It  is  of  importance,  however,  to  bear  In  mind  that  the  saline  and 
other  inorganic  matters  which  are  contained  in  tlie  sea-weed  we  lay 
upon  our  fields,  form  a  positive  addUion  to  the  land.  If  we  plough  in  a 
green  crop  where  it  grew,  we  restore  to  the  soil  the  same  saline  matter 
only  which  the  plants  have  already  taken  from  it  during  their  growth, 
while  the  addition  of  sea-weed  imparts  to  it  an  entirely  new  supply.  It 
brinffs  back  from^e  sea  a  jportion  of  that  which  the  rivers  are  con- 
stanuy  carrying  into  it,  and  is  thus  valuable  in  restoring,  in  some  mea- 
sure, what  rains  and  crops  are  constantly  removing  from  the  land. 

Sea-weed  is  collected  along  most  of  our  rocky  coasts— and  it 
seldom  neglected  by  the  farmers  on  the  borders  of  the  sea.  In  the  Isle 
of  Thanet,  it  is  sometimes  cast  ashore  by  one  tide  and  carried  off  by 
the  next ; — so  that  afler  a  storm  the  teams  of  the  farmers  may  be  seen 
at  work  even  during  the  niglit  in  collecting  the  weed,  and  carrying  it 
beyond  tfie  reach  of  the  sea  (British  Husbandry,  II.,  p.  418.)  In  that 
locality,  it  is  said  to  have  doubled  or  tripled  the  produce  or  the  land. 
On  the  Lothian  coasts,  a  right  of  way  to  the  sea  for  the  collection  of 
sea-ware  increases  the  value  of  the  land  from  2ds.  to  30s.  an  acre 
(Kerr's  Berwickshire^  p.  377.)  In  the  Western  Isles  it  is  extensively 
collected  and  employed  as  a  manure — ("  sea-weeds  constitute  one- 
half  of  Hebridean  manures,  and  nine-tenths  of  those. of  the  remoter 
Islands,"  Macdonald's  AmadttxTt  of  the  Hebrides^  p.  401,) — and 
on  the  aorth-east  coast  of  Ireland,  the  farming  fishermen  go  out  in 
their  boats  and  hook  it  up  from  considerable  depths  in  the  sea  (Mrs. 
HalPs /rctond.) 

It  is  apjriied  either  fanmediately  as  %  top-dressing,  especially  to  ffrasa 
lands-^-or  it  is  previously  made  into  a  compost  with  earth,  with  lime, 
or  with  shell-sand.  Thus  mixed  with  lime,  it  has  been  used  with  ad- 
vantage as  a  top-dressing  for  the  younff  wheat  crop,  (British  Hus* 
bandry,  II.,  p.  419 ;)  and  with  shell-sana  it  is  the  general  manure  for 
the  potatoe  crop  among  the  Western  Islanders  ^Transactions  of  the 
Highland  Society,  184!^^,  p.  766.)  It  may  also  W  mixed  with  fann- 
yani  manure  or  even  with  peat  moss,  both  of  which  it  brings  into  a 
more  rapid  fermentation,  in  some  of  the  Western  Isles,  and  in  Jer- 
sey, it  is  burned  to  a  light,  more  or  less  coaly  powder,  and  in  this 
form  is  applied  successfully  as  a  top-dressjpg  to  various  crops.  There 
is  no  reason  to  doubt  that  the  most  economical  method  is  to  make  it 
into  a  compost  with  absorbent  earth  and  lime,  or  to  plough  it  in  at 
once  in  the  fresh  state. 

In  the  Western  Islands  one  cart  load  of  farm-yard  manure  is  con- 
sidered equal  in  immediate  effect— upon  the  first  crop,  that  is — to  21 
of  fresh  sea-weed,  or  to  11  afler  it  has  stood  two  months  in  a  heap. 
The  sea-weed,  however,  rarely  exhibits  any  considerable  action  upon 
the  second  crop. 

Sea-weed  is  said  to  be  less  suited  to  clay  soils,  while  barren  sand 
has  been  brought  into  the  state  of  a  fine  loam  by  the  constant  appli- 
cation of  sea-weed  alone,  for  a  long  series  of  years  (Maedonaid's 
Heinides,  p.  407.) 

Confiictmg  opinions  are  given  by  different  practical  men  m  regard 
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to  the  erop0  to  which  it  is  best  euited.  Bof  the  ^ralaiiation  of  most 
of  these  and  similar  discordances  is  to  be  ^uod  in  the  answers  to  the 
three  following  questions — what  substances  does  the  crop  specially 
require  ? — ^how  many  of  .these  abound  in  the  soil  7— can  the  manure  we 
are  about  to  use  suoplyall  or  any  of  the  remainder  ?  If  it  can,  it  maybe 
expected  to  do  good.  Thus  simply  and  closely  are  the  kind  of  crop,  the 
kind  of  soil,  and  the  kind  of  manure,  in  most  cases,  connected  together. 

{  10.  Cf  manuring  vritk  dry  vegetable  subetances. 

The  main  general  difference  between  vegetable  matter  ^<As  same 
kindf  andaU  at  the  eame age,  when  applied  as  a  manure  in  the  green 
and  in  the  dry  state,  consists  in  this-«that  in  the  former  it  decomposes 
more  rapkUy,  and,  therefore,  acts  more  qpeedily.  The  total  effect  upon 
reffetation  will  probably  in  either  case  be  very  nearly  the  same. 

But  if  the  dry  vegetable  matter  have  been  cut  at  a  more  advanced 
age  of  the  plant  or  have  been  exposed  to  the  vicissitudes  of  the  weather 
while  drying,  it  will  no  longer  exhibit  an  eaual  efficacy.  Atanrf  dry 
straw  J  when  unripe,  will  manure  more  richly  than  a  ton  of  the  eame 
straw  in  its  ripe  stale — not  only  because  the  sap  of  the  green  pfant 
contains  the  materials  from  which  the  substance  of  the  grain  is  after- 
wards formed-^-but,  because,  as  the  plant  ripens,  the  stem  restores  to  the 
soil  a  portion  of  the  saline^  especially  of  the  alkaline,  matter  it  prevk>us- 
Iv  contained  (Lee  X.,  §  5.)  After  it  is  cut,  also,  every  Rhower  of  rain 
that  falls  upon  ^e  sheaves  of  corn  or  upon  the  new  hay,  washes  out 
some  of  the  saline  substances  which  are  lodged  in  its  pores,  and  thus 
diminishes  its  value  as  a  fertilizer  of  the  land.  These  facts  place  in 
a  still  stronger  liffht  the  advantages  which  necessarily  follow  from 
the  use  of  vegetable  matter  in  the  recent  state,  for  manuring  th^soil. 

1°.  Dry  straw. — It  is  in  the  form  of  straw  that  dry^  vegetable  mat- 
ter is  most  abundantly  employed  as  a  manure.  It  is  ordy,  however, 
when  already  in  the  ground  in  the  state  of  stubble,  that  it  is  usually 
ploughed  in  without  some  previous  preparation.  When  buried  in  the 
soil  in  the  dry  state,  it  decomposes  slowly,  and  produces  a  less  sensi- 
ble effect  upon  the  succeeding  crop ;  it  is  usually  fermented,  there- 
fore, more  or  less  completely,  oy  an  admixture  or  animal  manure  in 
the  farm-yard  before  it  is  laid  upon  the  land.  During  this  fermenta- 
tion a  certain  unavoidable  loss  or  org^anic,  and  generally  a  large  loss  ot 
saline  matter,  also  takes  place  (see  in  the  succeeding  lecture  the  sec- 
tion upon  mixed  animal  and  vegetable  manures,)  It  is,  therefore,  the- 
oretically true  of  dry.  as  it  is  of  green,  vegetable  matter,  that  it  will  add 
most  to  the  soil,  if  it  be  ploughed  in  without  any  previous  preparation. 
^  Yet  this  is  not  the  only  consideration  by  which  the  practical  man 
must  be  guided.  Instead  of  a  slow  and  prolonged  action  upon  his 
crops,  he  may  require  an  immediate  and  more  powerful  action  for  a 
shorter  time,  and  to  obtain  this  he  may  be  justified  in  fermenting  his 
straw  with  die  certainty  even  of  an  unavoidable  loss.  Thus  the  dis- 
puted use  of  short  and  long  dung  becomes  altogether  a  question  of 
expediency  or^f  practical  economy.  But  to  this  point  I  snail  ag^in 
recur  when  treating  of  farm-yard  manure  in  the  succeeding  lecture. 

3°.  Ouif  partakes  of  the  nature  of  straw,  but  it  decomposes  more 
■bwly  when  buried  in  the  soil  in  the  dry  state*    It  is  also  dificah  to 
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Vring  into  a  state  of  fermentation,  even  when  mixed  with  the  liquid 
Bianure  of  the  farm-yard. 

3°.  Bape-dust — When  rdpe  ieed  is  exhaoBted  of  its  oil,  it  cornea 
firom  the  preaa  in  the  form  of  hard  (rape)  cakefl^  which,  when  crushed 
to  powder,  form  the  raperdust  of  late  years  so  extensivdy  employed  as 
a  manure.  It  is  occasion^y]  mixed  with  fenn-yard  dung,  and  applied 
to  the  turnip  crop,  but  its  i^inoipa]  employment  has  hitherto  been,  I 
believe,  as  a  top-dressing.ior  the  wheat  crop,  either  harrowed  in  with 
the  seed  in  October,  or  applied  to  the  young  com  in  spring. 

Rape-dust  requires  moisture  to  bring  out  its  full  fertilizing  virtues: 
hence  it  is  chiefly  adapted  to  clay  soils  or  to  such  as  rest  upon  a  stilt 
subsoil.  It  is  seldom  applied,  therefore,  to  the  barley  crop,  and  even 
upon  wheat  it  will  fail  to  produce  any  decidedly  good  effect  in  a  very, 
dry  season.  Several  interesting  circumstances  have  been  expen- 
mentaily  ascertained  in  regard  to  the  action  of  rape-dust,  to  which  it 
is  proper  to  advert : — 

a.  That  in  very  drv  seasons  it  may  produce  little  benefit  upon  tur- 
nips, potatoes,  and  other  crops,  while  in  the  same  circumstances  the 
epect  of  guano  may  be  strikingly  beaeficiaL    Thus  in  one  experi- 
ment, made  in  1842,  upon  unmanured  land  sown  with  turnips — 
16  cwt  of  rape-dust  gave  3|  tons  of  bulbs  per  acre. 

2  cwt  of  guano  gave      5  do.  ^ 
Unmanured  gave              31            do. 

And  in  another,  in  Uie  satne  season,  upon  unmanured  land — 
1  ton  of  rape-^ust  gave  144  tons  of  bulbs  per  acre. 

3  cwt  o£  guano  gave    23k  do. 
Unmanureid  gave            12|*               do. 

AgdiUy  upon  potatoes,  planted  without  other  manure,  in  three  ex- 
periments the  produce  per  acre,  in  Unu^  was  as  follows:-^ 

Unmanomd.  1  ioivRBp»diMt  BcwtGoano.  iewtGoaao. 
White  Don  Potatoes.....—  12j  18*  — 

Red  Don  Potatoes .6|  10  --  14i 

Connaught  Cups. 51  13  -^  13| 

tn  none  of  the  above  experiments  did  the  action  of  the  large  ciuan- 
tity  of  rape-dust  equal  that  of  the  comparatively  small  quantity  of 
guano — though,  from  being  buried  in  the  soil,  the  difference  was  less 
strikinff  in  the  case  of  the  jpotatoe  crops. 

&i  lCape<lUBt  may  actually  cause  the  crop  to  be  less  than  the  land 
alone  would  naturally  produce — if  in  a  dry  season  it  be  laid  on  in 
any  considerable  quantity. 

Thus  in  1842,  in  an  experiment  upon  Oa/#,  made  at  Lennox  Love — 
16  cwt  of  rape-dust  gave  45  bushels. 
2  cwt  of  guano  gave      68    do. 
Unmanured  soil  gave        49    do. 

In  this  property  of  injuring  the  crop,  when  rain  does  not  happen  id 
fell,  rape-dust  resembles  very  much  those  saline  substances  which,  as 
we  have  seen,  may  oflen  be  applied  with  much  advantage  to  the  land. 

c.  Yet  it  would  appear  to  exercise  less  of  this  evil  mfluence  upon 
wheat  and  beans,  a^a  in  similar  circumstances.    Thus  in  the  same 

*8MA|ip«Hllx,No.Tm. 
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•eason,  1842,  and  in  the  same  locality,  Lennox  Love,  a  crop  of  wheat, 
with— 

16  cwt  of  rape-dust  gave  51  bushels  per  acre. 
2  cwt  of  ffuano  gave       43  do. 

Unmanurea  gave  47|  do. 

And  a  crop  of  beans,  with — 

16  cwt  of  rape-dust  gave  38   bushels.^ 
2  cwt  of  guano  gave       35i      do. 
Unmanured  gave  30        do. 

In  both  of  these  cases,  notwithstanding  the  drought,  the  rape-dust 
improved  the  crop,  and  tnough  not  sufficiently  so  to  pay  the  cost  of  the 
application,  yet  to  a  greater  extent  than  the  same  quantity  of  guano. 
It  IS  deserving  of  investigation,  therefore,  whether  rape-<lust  be  more 
especially  adapted  to  wheat  and  beans.  £vea  in  favorable  seasons 
it  may  poesibiy  prove  more  economical  than  guano  as  a  manure  for 
these  two  crops  (see  Appendix,  No.  VIII.) 

(i  But  even  in  favorable  seasons,  and  to  the  wheat  crop,  there  is 
reason  to  believe  that  rapenlust  cannot  be  econom  icallyappUed  in  more 
than  a  certain,  perhaps  variable,  quantity  per  acre.  Thus  four  equal 
plots  of  ground  (nearly  half  an  acre  each,)  sown  with  wheat,  were  top- 
dressed  with  rape-diist  in  different  proportions  with  the  following  results: 
With  7  cwt  the  produce  was  26  bushels  of  mailtet  com. 
With  10  cwt  the  produce  was  28  do. 

With  15  cwt  the  produce  was  29|  do. 

JVith  26  cwt  the  produce  was  27|  do. 

CTnmanured  the  produce  was    22^*  do. 

In  this  experiment  not  only  was  the  crop  diminished  when  more 
than  15  cwt  was  added,  but  the  increased  produce  was  not  sufficient 
to  defray  the  additumal  cost  of  the  applicatwn^  when  more  than  7 
cwt.  of  rape-dust  was  mt  on, 

e.  It  may  be  noticea  as  another  curious  fact,  that  the  action  of 
rape-dust  is  dependent  upon  the  presence  or  absence  of  certain  other 
flobetances  in  the  soil.  Common  salt  and  sulphate  of  soda,  when 
mixed  with  it  under  certain  circumstances,  lessen  the  effect  which  it 
would  produce  alone,  and  the  same  will  probably  happen  when  it  is 
applied,  without  admixture,  to  soils  in  which  these  saune  compounds 
happen-  to  be  already  present.  Some  remarks  upon  this  interesting 
point  will  be  found  in  the  Appendix,  No.  VIII. 

4^.  Lifitseed,  poppy-seed^  cotton-seedy  and  cocoor^mt  cakes. — The 
cake  wliich  is  left  when  other  oils  are  extracted  from  the  seeds  or  fruits 
in  which  they  exist  is,  also,  in  almost  every  case,  nseful  as  a  manure. 
Thus  the  seeda  of  the  cotton  plant  yield  an  oil  and  leave  a  cake  which  is 
now  used  as  a  manure  in  the  U  nited  States,  though  little  known  as  yet,  I 
believe,  in  England.  The  cocoa-nut  cake  is  employed  in  Southern  In- 
dia partly  in  feeding  cattle  and  partly  as  a  manure  for  the  cocoa-nut  tree 
itself.  Some  trials  have  recently  been  made  with  it  among  ourselves, 
Init  I  am  ignorant  of  the  precise  results.  In  this  country  hntseed  cake 
ii  made  in  Targe  quantity,  but  as  it  is  relished  by  cattle,  is  fattening,  and 
enriches  the  <&oppings  of  the  stock  fed  upon  it,  it  is  seldom  apphed  di' 

*  Brttiih  Hitfbudrr,  I.,  p.  412L 
19 


496       USE  OP  MALT-DUST,  DRY  LEAVES,  AND  PEAT,  4S  MANURES. 

rectly  to  the  land.  In  France  and  some  parts  of  BelgiunL  where  the 
poppv  is  largely  cultivated  for  the  oil  yielded  by  its  seeds,  the  cake 
which  these  seeds  leave  is  hi^hl^  esteemed  as  a  manure. 

5^»  MaU-^ust. — When  barley  is  made  to  sprout  by  the  malster,  and 
is  ailerwards  dried,  the  email  shoots  and  rootlets  drop  ofl^  and  fbim 
the  substance  known  by  the  name  of  malt-dust  One  hundred  bushek 
of  barley  yield  4  or  5  bushels  of  this  dust.  It  is  sold  at  the  rate  of 
from  53.  to  Ss.  a  quarter,  and  has  been  applied  with  success  as  a  top- 
dressing  to  the  barley  and  wheat  crops.  It  may  also  be  drilled  in 
with  turnips  or  dusted  ;over  the  young  grass  in  spring. 

6^.  Saw-dust  Is  usually  rejected  by  the  agriculturist,  in  consequence 
of  the  difficulty  which  is  generally  experienced  in  bringing  it  into  a  state 
of  fermentation.  It  decomposes  slowly  when  ploughed  mto  the  soil  in 
its  dry  state,  but  it  neverthaless  gradually  benefits  me  land,  and  should 
not,  therefore,  be  permitted  in  anv  case  to  run  to  waste.  It  forms  an 
excellent  absorbent  also  for  liquid  manures  of  any  kind,  which  it  pre- 
serves from  sinking  too  rapidly  when  they  are  to  oe  applied  to  porous, 
sandy,  or  chalky  soils,  while  these  liquids  again  hasten  the  decomposi- 
tion of  the  saw-dust  and  augment  its  immediate  effect  upon  the  land.  In 
localities  favorable  for  the  collection  of  sea-weed,  it  may  also  be  more 
rapidly  fermented  by  an  admixture  with  this  substance.  Saw-dust 
forms  an  in^edient  in  some  of  the  mixed  manures  which  have  re- 
cently come  mto  use  (see  Appendix,  No.  VIII.,  Exp.  B.) 

7°.  Dry  leofves  may  either  be  dug  into  the  land  at  once,  or  may  be 
laid  up  in  heaps,  when  tliey  will  gradually  decay,  and  form,  in  most 
cases,  aii  enriching  manure.  They  gradually  improve  the  soil  Tas 
we  have  already  seen,  p.  429,)  on  which  they  annually  fall,  but  the 
same  quantity  of  leaves  will  do  more  good  if  collected  and  immedi- 
ately dug  in,  or  if  made  into  a  compost  heap,  than  if  let\  to  undergo 
a  slow  natural  decay  on  the  surface  of  the  land. 

}  12.  (ff  the  use  of  decayed  vegetable  matter  as  a  manure. 

The  most  abundant  forms  of  partially  decayed  vegetable  matter 
which  come  within  the  reach  of  the  practical  &rmer,  are  peat  and 
tanner's  bark. 

1°,  Peai, — To  soils  which  are  deficient  in  vegetable  matter,  it  is 
clear  that  a  judicious  admixture  of  peat  must  prove  advantageous,  be- 
cause it  will  supply  some  at  least  of  those  substances  which  are  nece»- 
sary  to  the  production  of  a  higher  degree  of  fertility.  But  peat  decajrs 
very  slowly  in  the  air,  and  henc^  its  apparent  effect  when  mixed  with 
the  soil  is  ver^  small.  It  may  gradiially  aifneliorate  its  quahty,  espe- 
cially if  the  soil  be  calcareous,  but  it  will  not  immediately  prepare  the 
land  for  the  growth  of  any  particular  crop.  But  if  the  obstacles  to 
its  further  decomposition  be  removed — that  is,  if  by  firtificial  means 
its  decay  be  promoted — then  its  immediate  and  apparent  effect  upon 
the  soil  is  increased,  and  it  becomes  an  acknowledged  fertilizing  ma- 
nure. Different  methods  have  been  successfully  practised  for  bring- 
ing it  into  this  more  rapid  state  of  decay  or  fermentation. 

a.  The  half-dried  peat  may  be  mixed  with  from  one-fourth  to  one- 
half  of  its  weight  of  fermenting  farm-yard  manure — the  whole  heap 
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l>eiQg  carefully  covered  over  with  a  layer  of  peat  to  prevent  the  es-> 
cape  of  fertilizinff  vapors.  By  this  method — ^nrst  introduced  to  pub- 
lic notice  by  the  Tate  jLord  Meadowbank — Ihe  ^nliiFe  mixture  is  gra* 
dually  brought  into  an  e^ufable  state  of  heat  and  fermentation,  and 
as  a  manure  for  the  t%imip  crop,  is  said  to  be  as  efficacious  as  an 
elgmal  weight  of  tmmixed  farm-yard  manure. 

0.  Or  the  liquid  manure  of  the  fkrm-yard  may  be  employed  for  tlte 
same  purpose,  either  in  whole  or  in  part  IT  the  heap  of  mixed  peal 
and  dung  be  watered  occasionally  with  the  liquid  manure,  the  fei^ 
mentation  wiH  be  more  speedily  effected,  and  at  a  less  e^q)en8e  <Mf 
common  farm-yard  dung.  Qr  the  half-dried  peat  may  be  used  ua* 
ttdxed,  as  an  absorbent  for  the  liquid  of  the  fhrm-yard,  by  which, 
without  other  aid,  it  will  be  brought  into  a  state  of  fermentauon  with 
comparative  rapidity. 

c.  Or  instead  of  the  liquid  manure,  the  ammoniacal  liquor  of  the 
flas-works  may  be  employed,  witff  less  prominent  benefit  certainly, 
Got  still  with  great  advantage. 

d.  Or  the  peat  may  be  mixed  with  from  one-sixth  to  one-fourth  of  its 
bulk  of  fVesh  sea-weed^  the  rapid  decay  of  which  will  gradually  reduce  . 
the  entire  heap  into  a  fertilizing  mass? British  Husbandry,  II.,  p.  417.)  ' 

6.  Or  rape-dust  in  the  proportion  or  1  ton  to  30  cubic  yards  may 
be  mixed  with  the  half-dried  peat  from  t#o  to  six  weeks  before  the 
time  of  sowing  the  turnip  crop.  <>  The  fermentation  of  the  rape-dost 
takes  place  so  qutckly,  tlut  tiiis  ^ort  time  is  usually  sufficient  to  con- 
vert the  whole  into  a  uniform  and  rapidly  decaying  mass. 

In  short,  it  is  only  necessary  to  mix  half-dried  peat  with  any  Bub> 
stance  which  undergoes  rapid  spontaneous  decompoeition— when  it 
will  more  or  less  speedily  become  infected  with  the  same  tendency  to 
decay,  and  will  thus  be  rendered  capable  of  ministering  to  the  growth 
of  cultivated  plants. 

2^.  7\iT»ier^s  bark  is  stilf  more  difficult  to  reduce  or  to  bring  into  a 
rapid  state  of  decompositioa.  Anj  of  the  methods  above  recommended 
for  peat,  however.  wiU  to  a  certain  extent  succeed  also  with  the  spent 
bark  of  the  tan  pits.  But  in  the  case  of  substances  so  solid  and  retrao* 
tory  as  the  lumps  of  bark  are,  the  admixture  of  a  q\mntity  of  lime  and 
earth,  so  as  to  form  a  compost  heap^  is  perhaps  the  most  advisable 
mode  of  procedure.  The  way  in  which  lime  promotes  the  decay  of 
woody  fibre  in  such  heaps  has  already  been  explaioed  (see  p.  383.) 

§  13.  Use  ff  ch^irred  vegetable  mailers  as  a  manure. 

Soot  and  charcoal  are  the  prinoipai  substaaces  of  Uiis  dass  which 
have  been  more  or  less  extensively  employed  for  the  purpose  of  inr 
creasing  the  productiveness  of  the  land. 

lo.  Soot  is  a  complicated  and  variable  mixture  of  substances  pro* 
duced  during  the  combustion  of  oodL  Ito  composition,  and  consequent- 
ly its  effects  as  a  manure,  vary  with  the  auality  of  the  coal,  with  the 
way  in  which  the  coal  is  burned,  and  with  the  height  of  the  chimney 
in  which  it  is  collected. 

Soot  has  not  been  analyzed  since  the  year  1820,  when  a  variety  ex 
aaiiiied  by  Braconnot  was  fbnod  by  him  to  consist  in  athousand  ports  ol 


Ulznic  add?  (a  mibrtahce  resembling  tbsct  portion  of  the 
yegetalrle  matter  of  the  soil  which  is  eohiMe  in  csustic 

pota8h—(8ee  Lcc^  ^^^^J  1).  -  - - 3(&0 

A  reddish  brown  sofuble  snbstance,  containing  nitrogen,  and 

ytelding  ammoma  when  heated dO(H> 

Asboline.  ..*,.. **.. - &0 

Carbbnate  of  finte,  wiHh  a  trace  aC  magnesia  {probMf  de- 
rived in  part  front  the  sides  of  the  chmmey) I46-(? 

Acrelate  or  Bme..- 56-5 

BoTphale  of  fime  (gyjwmn) * -.  50-0 

Acetate  of  mai^esia - 5-3 

Phosphate  of  fine)  with  a  trace  of  inm » 15-0 

Chloride  of  potasi*tm...,. 3-6' 

Acetate  of  prtaahw .^ 41-0 

Acetate  of  ammonia ^. ...... ^ 2-0 

Silica  (sand) 9-5 

Charcoal  powder ^. . .: 3S-5 

Water 125^ 
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The  eardiy  subetaocev  wliidki  llie  wxyt  oontains  ane  diiefly  deriv^ed 
from  the  walls  of  the  chimney,  and  fixim  the  ash  of  the  coal,  part  of 
which  is  carried  up  the  chixmiey  by  the  draught  These,  therefore, 
mdst  be  variable,  beinff  largest  in  qosntity  where  the  draught  is  strong- 
est and  where  ttte  ear£y  mertteror  »4i  ki  the  coal  is  the  greatest  The 
quantity  aif  gy^sam  present  depends  upon  the  snlpfanr  contained  in  lh« 
coal,— that  whkii  is  (heest  irom  sfAphm*  will  give  a  soot  containing  the 
feast  gypBUin.  The  ammonia  and  the  sdablesfibstaacescontaininffni* 
troffen  will  varv  with  the  quantity  of  nitrcpgen  contained  m  the  coaiand 
wi£  certain  other  catnea— «>  fbat  the  composition  of  different  samples 
flf  soot  may  be  very  unlike,  and  their  inffnence  upon  veffetation  ther^ 
ibre  verv  unequal  The  consequence  of  this  must  be,  mat  Che  resolta 
ofyCained  in  one  spot,  or  upon  one  crop,  are  not  to  be  depended  upon,  as 
kidfcalire  dC  Ibe  preci9e  eflect  whkn  another  specimen  of  soot  will 
produce  in  another  kN»Iity,  and  upDn  another  crop  even  of  the  sanov 
kind.  And  thus  it  happens  that  tne  use  of  soot  is  more  general,  and 
is  attended  with  more  beneficial  effiscts,  in  some  districts  than  in  others. 

a.  In  general  it  may  be  assumed  that  where  ammonia  or  its  salts 
win  benefit  ttie  crop,  not  tJao  wiD  be  ofuse,  and  hence  its  successful 
application  to  grass  lands.  From  its  eontaininff  gvpsum  it  should  also 
especially  benefit  the  clover  erope.  Yet  Dr.  Anderson  says,  "  I  have 
tfsed  BooC  as  a  top-dressing  (or  clover  andrye-graas  in  all  proportions, 
from  one  hmidred  bushels  per  acre  to  mx  hrnidned,  and  I  cannot  say 
that  ever  I  could  perceive  the  clover  in  the  least  degree  more  Inxuri- 
ailt  than  in  the  places  where  no  soot  had  been  applied.  But  upon 
r3^e-grass  its  effectB  are  amasing,  and  increase  in  proportion  to  the 
quantity  so,  far  as  my  trials  have  gone.^  (Dr.  Anderson's  JETssoyf, 
edit  1800,  ii.,  p^  304.)  And  his  general  conclusion  is,  that  joo<  cmr 
iMi^gM  ihe  growth  ^doverimmfwmfjWMeiiwamda^klfypromaim 
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that  cf  rye-gran.    Will  any  of  you,  by  exptajment,  .afleertam  if  Bach 
be  really  the  caae  with  the  flootofyour  owq  neigfabpihood  ? 

6.  The  presence  of  ammonia  in  foot  causes  it,  when  laid  in  hean, 
to  destroy  all  the  plants  upon  thoBpot ;  and  Dr.  Aniensonadds  Ui^  in- 
teresting observBtion,  "  that  the  first  jdant  which  appears  afterwards 
is  co9uton%  the  common  coach-grass  {triticum  repem).  (Dr.  Andar- 
flon^s  EwK^s,  edit  1800,  iL,  p.  305.) 

c.  This  ammonia  also  causes  soot  to  ii^iire  and  diminish  the  erop.ia 
Tery  dry  seasons.  Thus  the  prodpceof  aciop  of  heaos,  alter  oats,  {k 
1842,  upon  an 

TJumanured  part  of  the  field  was J29|  bushels. 

Dressed  with  4  bushels  of  soot 28  bushels.* 

It  also  diminished,  in  a  small  deme,  the  potatoe  crop  in  the  saii|e 
year  in  the  experiments  of  Lord  l^mtyre,  at  Erakine  (Ajipendiz,  ^Ea 

With  manure  alone,  the  produce  .was 11  tons  17  cwt. 

With  30  bushels  of  soot  sprinkled  over  the  dung.ll  tons  ,4  cwt. 

Like  rape-dust  (p.  434)  and  saline  substances,  therefore,  soot  seeiqfl 
to  require  moist  weather,  or  a  naturally  moist  mI,  to  bring  out  all  its 
virtues. 

d.  Yet  even  in  the  dry  season  of  1942,  its  effect  upon  wheat  and  oats 
in  the  same  locality  (Erskine)  was  very  benelicial.  Thus  tiie  conv- 
parative  produce  or  tnese  crops,  when  undressed  and  when  tc^hdrea»- 
ed  with  10  bushels  of  poot  per  acre,  waaas  follows : — 

XJnmanured Wheat  44 Oats  49. 

Top-dressed  with  soot ..Wheat  54 Oatis  55. 

But  the  dressed  wheat  was  inferior  in  quality  to  the  undressed — ^ 
former  weighing  only  59,  the  latter  62  tbe.  a  busheL  In  the  oats  there 
was  no  dinerence.  Are  we  to  infer  from  these  results  that,  even  in 
dry  seasons,  soot  may  be  safely  applied  to  crops  of  corn,  while  to  pvdsa 
and  roots  it  is  sure  to  do  no  good  7  Further  precise  obsenrations,  no 
doubt,  are  still  necessary— and  the  more  especially  as  the  experiraeats 
upon  oats  and  wheat,  made  in  the  still  drier  locality  of  Lexmox  Loye 
(Appendix,  No.  VIIL),  gave  a  decrease  in  the  produce  of  grain — while 
m  Mr.  Fleming's  experiments  upon  turnips  (Appendo,  No.  VIII.),  50 
bushels  of  soot,  applied  alone,  gave  an  Increase  of  4  tons  in  the  croju 

e.  An  experiment  of  Lord  Blantyre^s  (Appendix,  No.  IX.),  enables 
us  to  judge  of  the  efficacy  of  soot  m  a  dry  season,  compared  with  that 
ef  nitrate  of  soda  and  of  guano  upon  (be  praduee«f  bky.  Thus  the 
crop  of  hay,  per  imperial  acre,  from  (he 

CMt 

,toiit.    ewtg.  £  %.  6, 

Undressed  portion,  weighed 1  S  — ^ — ^ 

Drawed  with  40  bush£  of  soot 1  15  0  11    « 

16a  lbs.  nitrate  of  soda 1  19  1  15    9 

160  lbs.  guano A  %  1  15    9 

In  this  experiment  the  soot  proved  a  more  profitable  application  than 
either  of  the  other  manures. 

f.  In  regard  to  this  substance,  I  riiall  only  advert  to  one  other  ob^e^- 
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Tation — birt  it  is  an  important  one — ^madeby  Mr.  Morton,  when  des- 
cribing tiie  management  of  a  well  conducted  farm  in  Gloucestenshirey 
(that  of  Mr.  Dimmery,  described  in  the  Journal  of  the  Royal  Agri" 
cultural  Society,  I.^.  400.)  ^  The  quantity  of  soot  used  upon  this 
farm  amounts  to  3000  bushels  a-year,  one-half  of  which  is  applied  to  the 
potatoe,  the  otlier  half  to  the  wheat  crop.''  AU  the  etraiD  grown  upom 
this  farm  is  soldfor  thaick^  and  for  the  last  30  years  the  only  manure 
that  has  been  purchased  to  replace  this  straw  is  the  soot,  which  is 
brought  from  Gfoucester,  Briistol,*^  and  Cheltenham.  Soot  no  doubt 
contains  many  things  useful  to  vegetation,  yet  where  all  the  produce  is 
carried  of!t^  and  soot  only  added  in  its  stead — even  the  rich  soils  of  the 
vale  of  Gloucester  cannot  be  expected  tp  retain  a  perpetual  fertility. 
The  stow  changes  which  theory  indicates  may  altogeuier  escape  the 
c^servation  of  the  practical  man,  who  makes  no  record  of  the  hi^ory 
of  his  land,  and  yet  may  be  ever  slowly  proceeding. 

2'.  Charcoal. — Wo^Kl-charcoal,  from  its  porous  nature,  and  its  tend- 
ency to  absorb  animal  odors  and  ouer  unpleasant  effluvia  (Lee.  I.,  §  2), 
has  been  found,  when  reduced  to  fine  powder,  to  be  an  excellent  admix- 
ture for  night  soil,  fbr  Hquid  manure,  and  for  other  substances  which 
undergo  putrescent  decay.  It  is  therefore  employed  to  a  considerable 
extent  by  the  manufacturers  of  artificial  manures.  It  is  also  applied 
with  advantage  in  some  cases  as  a  toi>-dressing  to  various  cropsf — ^iti 
efficacy  being  probably  due  in  part  to  its  power  of  absorbing  from  the 
air^  or  of  retainmg  in  the  soil,  those  gaseous  substances  which  plants  re^ 
quire,  and  in  part  to  the  slow  decay  which  it  is  itself  capable  of  under- 
going. In  moist  charcoal  powder  seeds  are  said  to  germinate  with 
great  ease  and  certainty.  ^ 

3°.  Q)a/-tor.— Another  product  of  coal,  the  tar  of  the  ffas-works,  has 
recently  been  recommended  as  an  admixture  fbr  peat  and  similiar  com- 
posts, and  it  is  one  of  the  substances  with  which  Mr.  Daniel  impreg> 
nates  his  saw-dust  in  the  manufacture  of  his  patent  manure.  It  is  im- 
possible to  say  how  much  of  the  good  effect  derived  from  the  use  of 
such  mixtures  as  that  described  in  the  Appendix,  No.  VIIL.  is  due  to 
the  coal-tar  they  contain, — and  as  no  experiments  have  hitnerto  been 
made  from  which  the  true  action  of  coal-tar  can  be  inferred,  it  may 
BtiD  be  considered  as  a  matter  of  doubt  whether  it  can  at  all  add  direct- 
ly to  the  fertility  of  the  soil. 

^  14.  Of  the  tkeoreHeeU  wHue  of  different  veg^able  substances 
asfnanures. 

Vegetable  manures  are  known  to  differ  in  fertilizing  virtue.  Thui^ 
1  ton  of  rape-dust  is  said  to  be  equal  to  16  of  sea-weed  or  to  90  of  farm- 
yard manure.  On  what  principles  do  these  unlike  fertilizing  virtues 
depend? 

l^.  According  to  Beussingault  and  other  French  authorities,  ike  re- 
lative efficacy  <^aU  manures  depends  upon  the  proportions  of  nitrogen 

*  At  Bristol  the  priw  of  aoot  !•  9d.  a  bathel,  at  Glooeotler  only  6d.,  yet  the  former  la  pro* 
Jarred  even  at  the  bi»her  price.  It  ia  of  teUer  quality,  owing,  H  la  eaid^to the  ffreaier  leagth 
of  the  ehtmniee— h  may  he  also  to  the  quality  of  the  eoal  and  to  the  way  It  la  boned. 

t  See  Mr.  Fleming**  experiment  upon  Swedes  (AppeodU  No.  \UL\  In  whleh  6Q  tail^ 
•la  of  aharcoal  fiowdef  toenist*  (he  tnp'hf  three  toaa  an  acre. 
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they  severally  contain,  (Annates  de  Chemie  et  de  Phys,,  3d  Berles,  III^ 
p. 76. )    And  taking  farm-yard  manure — con^  isling  of  tne  mixed  drop- 
pings and  litter  of  cattle — as  a  standard,  they  arrange  vegetable  euo-  ^ 
stances,  as  manures,  in  the  following  order  of  value : — 

Equal  eflbcta  are  pmdaeed  by 

Farm-yard  manure 1000  lbs. 

Potatoe  and  turnip  (?)  tops 750    " 

Carrottops 470    « 

Natural  grass 760    « 

Clover  roots 250    " 

Fresh  sea-weed 450  to    750    « 

Sea-weed  dried  in  the  air 300    ^' 


Peastra:w 220  « 

Wheat  straw. . . .; 750  to  1700  " 

Oat  straw , 1400  " 

Barley  straw 1750  " 

Rye  straw 1000  to  2400  « 

Buck-wheat  straw 850  " 

Wheatchaff. 470  « 

Fir  eaw-dukit 1700  to  2500    « 

Oak     do 750^ « 

Sooi,  from  coal 300    " 

Lint  and  rape-dust 80    " 

The  numbers  in  this  table  agree  with  the  results  of  experiment  in 
so  far  as  they  indicate  that  green  substances  generally,  when  ploughed 
in  as  manures,  should  enrich  the  soil  more  tnan  an  equal  weight  of 
farm-yard  manure — that  the  roots  of  clover  should  be  more  enriching 
still — and  that  sea-weed  is  likewise  a  very  valuable  manure.  They 
agree  also  with  practioal  observation  in  placing  pea,  and  probably 
bean  straw,  far  above  the  straws  of  wheat,  oats,  &c.,  in  fertilizing 
power,  and  in  representing  soot  and  rape-dust  as  more  powerful  than 
any  of  the  other  substances  in  the  table.  So  far,  therefore,  a  certain 
general  reliance  may  be  placed  upon  the  fertilizing  value  of  a  sub- 
stance as  represented  by  the  proportion  of  nitrogen  it  contains. 

But  if  we  Dear  in  mind  that  plants,  as  we  have  frequently  had  occa- 
sion to  mention,  require  inorganic  as  well  as  organic /ooci,  it  is  quite 
clear  that  the  mere  presence  of  nitro^n  in  a  substance  is  not  sufficient 
to  render  it-highly  nutritive  to  growmg  plants.  Otherwise  the  salts 
of  ammonia  would  be  the  richest  manures  of  all,  and  would  best  nourish 
and  bring  lo  perfection  every  crop  and  in  all  circumstances — ^which  ex- 
perience has  proved  to  be  bv^no  means  the  case.    Hence 

2°.  The  value  of  vegetable  substances  as  manures  must  depend  in 
same  degree  upon  the  quantity  and  kind  of  inorganic  matter  they 
contain.  In  reference  to  the  quantity  of  inorganic  matter  which  they 
respectively  impart  to  the  soil,  their  relative  values  are  represented 
by  the  following  numbers :— 
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Ooe  ton  eontoina  of  looipiaio 
matier  about 

Potato  tops,     green 26  lbs. 

Turnip  tops,        do 4S    " 

Carrot  tops,         do 45    ** 

Rye-grass,  do 30    " 

Vetch,  do 38    « 

Green  sea-weed,  do 22   " 

Hay W  to  180  « 

Pea  straw 100  " 

Beanstraw 60  to   80  " 

Wheat  straw 70  to  360  " 

Oatstraw 100  to  ISO  " 

Barley  straw 100  lo  120  *• 

Rye  straw 50  to   70  « 

Fir  saw-dust 6  " 

Oak  saw-dust ^ 5  " 

Soot 500  « 

Rape-dust 120  « 

This  table  places  the  several  vegetable  substances  in  on  order  of 
efficacy  considerably  different  from  the  former,  in  which  they  are 
arranged  according  to  t^ie  quantity  of  nitrogen  tney  respectively  con- 
tain. We  knov)  that  wood-ashes  (p.  353),  kelp,  and  the  ashes  of  straw 
(p.  356),  do  promote  the  fertility  of  the  land,  and  therefore  the  abso- 
lute as  well  as  the  relative  efficacy  of  the  above  vegetable  substances 
must  depend  in  some  degree  upon  the  quantity  of  inorganic  matter 
they  contain.  But  we  should  be  wrong  were  we  to  ascribe  the  total 
effect  of  any  of  them  to  the  inorganic  matter  alone. 

3^.  Even  the  carbonaceous  matter  of  plants  contributes  its  aid  ia 
increasing  the  produce  of  the  soil,  bv  sapplying,  either  directly  or  in- 
directly, a  portion  of  the  necessary  iood  of  plants.  This  has  already 
been  shown  in  various  parts  of  the  preceding  lectures. 

It  is  the  property  of  substances  which  contain  a  larger  proportion 
of  nitrogen,  to  undergo  rapid  decay  in  the  presence  of  air  and  moisture, 
and  thus  to  produce  a  more  immediate  and  sensible  action  upon  grow- 
ing plants.  But  the  carbon  changes  more  slowly,  and  the  inorganic 
matter  also  separates  slowly  from  decaying  vegetables  in  the  soil— - 
and  hence  the  apparent  effects  of  these  constituents  are  less  striking. 
Tku8  the  immediate  and  visible  f*ffect  of  different  vegetable  substanceaj 
in  the  eame  state^  ie  measured  by  the  retaiive  quantities  of  nttrogem 
they  contain — their  permanent  effects  by  the  relative  quantities  of  in- 
organic and  of  carbonaceous  mutters.  In  the  case  of  rape-dust,  for  ex- 
ample, the  iinmediate  eflect  is  determined  chiefly  by  its  nitrogen — ^the 
permanent  effects,  by  the  ash  it  leaves  when  buri^ed,  or  when  caused 
to  undergo  complete  decay  in  the  air. 


LECTURE  XVm. 

miiares.— Flesh,  blood,  and  tkl».-«Wool,.wqoUeB  ngS|Mr,honi,tt]idb<met.-^a 
what  does  the  fBitilislfig  aetton«r %oimb  depend  t— Aoltaal  eharcoid  aod  fbe  refuM  of  tte 
.•osar  reftneriM.— Pish  aod  Asb-Rfiiae)  whale  blubber  aod  eM.— flelattve  rertilixing  vahM 
or  the  aubeiancee  previoiislj  described.— ^ifeoo  diing.-~DaDg  of  sea^fowl :  guano.— 
Liqaid  manures :  the  artne  of  mrknie  aniaiala.— MLied  animal  and  T<Y«tsble  eMnurea.— 
Night  soil,  the  droppings  of  ilie  horse,  the  cow,  the  pig.~Babela  of  digestion  upon  Tege* 
table  food  ^ Why  equal  weicMs  of  TegetaMe  matter,  and  the  droppings  of  mnhnals  fed 
vpon  it,  posseas  direreot  ferrtlhtinf  powera.'-^Farm^jard  d«iif.-^Weight  of  dung  pro. 
duced  from  a  given  weight  of  grasa,  .Mnv,  juid  other  jirDdMe.*~Loas  qndeigooe  bf 
farm- jard  mannre  doting  fevneniaCloii.— Improvemefit  or  the  aoU  b/  InigatioB. 

Animal fiubetances  have  always  been  consatiered  as  more  fertilixing 
to  the  land  than  such  as  are  of  vegetable  origin.  Their  action  is  in 
general  more  immediate  and  apparent,  and  it  takes  place  within  such  a 
proited  period  of  time  that  the  mrmer  can  calculate  ^ppn  its  being  ex- 
ercised m  benefitting  the  crop  to  which  it  is  applied.  The  reason  of  thw 
more  immediate  action  wilt  presently  appear. 

$  1.  OfJleMh,Uaod,ani»kitu 

1°,  Ffeff^— The  flesh  of  animak  is  not  only  a  rich  mnmite  m  itaclij 
but  the  rapidity  with  which  it  undergoes  decay  in  our  climate  enables 
it  speedily  to  bnng  other  organic  substances  witn  which  it  may  be  mixed 
into  a  state  of  active  fermentation.  It  is  only  the  flesh  of  such  dead 
animals,  however,  as  are  unfit  for  fixkl,  tiiat  can  be  economically  ap- 
plied to  the  land  as  a  manure. 

The  flesh  of  animals  consists  of  a  lean  part,  called  the  muscular  fibre, 
or  by  chemists  fibrin,  and  ^  fatty  part,  intermixed  with  the  lean  in 

S eater  or  less  proportion,  according  to  the  condition  of  the  animal. 
'  these  two  it  is  the  lean  part  which  acts  most  immediately  and  most 
energetically  in  the  promotion  of  vegetation.  Lean  beef,  in  the  recent 
state,  contains  77  per  cent  of  its  weight  of  water,  so  that  100  lbs.  consistii 
of  77  lbs.  of  water  and  23  lbs.  of  dry  animal  matter. 

2<^.  5tood.— The  blood  of  animals  is  more  extensively  employed*  as 
a  manure.  It  is  carried  offin  large  quantities  from  the  slaughter-nouses 
of  the  butchers,  and  makes  ridi  and  fertilizing  compostis.  In  some 
parts  of  Europe  it  is  dried,  and  in  the  state  of  dry  powder  is  applied  with 
much  eflfect  as  atop-dressin^rtomanycrops. 

Liquid  blood  consists  of  fibrin— the  substance  of  lean  meat,  of  albu- 
men— the  same  as  the  white  of  eggs— of  a  red  coloring  matter,  and  of 
certain  saline  substances  dissolvSTin  a  considerable  quantity  of  water. 
When  blood  cools  it  gradually  congeals,  and  separates  into  two  parts, 
a  gelatinous  red  portion,  called  the  c<of,  and  a  liquid,  nearly  colorless, 
pert  called  the  •erum.  The  clot  contains  most  of  the  fibrin  and  color- 
mg  matter,  and  a  portion  of  the  albumen ;  the  serum,  the  greater  part 
of  the  albumen  and  of  the  soluble  saline  substances  which  are  present 
m  the  blood. 

The  relative  composition  Of  fresh  muscular  fibre  and  of  liquid  blood 
is  thus  represented  m  100  parts : — 
19* 


444  coMPOsinoif  or  vlooo,  anb  or  sKiir. 

Water.  Dry  mhinl  watUtr 

Muscular  fibre T7  23 

Blood 79    .  21* 

It  appears  singular  that  the  solid  mascle  of  animals  should  contain 
80  nearly  the  same  quantity  of  water  as  their  Uquid  blood  does. 

But  it  is  no  less  striking  that  the  dry  animal  matter  which  remalni^ 
when  lean  musculo  fibre  and  when  blood  are  fully  dried,  has  nearly  the 
same  apparent  composition.  Thus,  according  to  the  analyses  of  Play- 
fidrand  Boeckman,  dry  flesh  and  dry  blood  oxisist  respectively  oT-^ 

Drr  be«        Drr  ox  Mood. 

Carbon 61-83  51-96 

Hydrogen 7-57  7-25 

Nitrogen 15^  15K)7 

Oxygen 21-37  21-30 

Ashes 4-23  4-42 

100         loot 

The  organic  part,  therefore,  of  blood  and  of  flesh  is  nearly  identical 
in  ultimate  composition,  and  the /inoZ  result  of  equal  weights  of  each, 
when  applied  as  manures, shoulobe nearly  the  same.  The  ashes,  hoW' 
ever,  or  morganic  part,  though  present  in  each  nearly  in  the  same  pro- 
portion (4-23  and  4-42  per  cent),  are  somewliatdifferent  in  ccNnposition, 
and  therefore  the  action  of  blood  and  flesh  will  be  a  little  unhke  in  so 
far  as  it  depends  upon  the  saline  substances  they  are  respectively  capa- 
ble  of  conveying  to  the  roots  of  plants. 

'    3^.  SkiTL — The  skins  of  nearly  all  animals  find  their  way  ultimately 
into  the  soil  as  manure,  in  a  more  or  less  changed  state. 

The  refuse  parings  from  the  tan-yards,  and  from  the  curriers'  shops, 
though  usually  employed  for  the  manufacture  of  ^lue,  are  sometimes 
used  as  a  manure,  and  with  great  advantage.  They  may  either  be 
ploughed  in  sufiicientlv  deep  to  prevent  the  escape  of  volatile  matter 
when  they  begin  to  decay,  or  they  may  be  mada^into  a  compost  by 
which  their  entire  virtues  will  be  more  eflectually  retained. 

Skin  diflers  considerably  in  its  constitution  from  flesh  and  blood.    It 
contains,  in  the  recent  state,  about  58  per  cent  of  water,  and  leaves, 
,  when  burned,  only  1  per  cent  of  ash.    Tne  combustible  or  organic  part 
consists  of— 

Carbon 50-99 

Hydrogen ^  7-07 

Nitrogen 18-72 

Oxygen 23-22 

100 
It  contains,  therefore,  3i  |)er  cent  more  nitrogen  than  flesh  or  blood. 
So  far  as  the  fertilizing  action  of  these  substances  depends  upon  the 
proportion  of  this  constituent — glue,  the  parings  of  skins,  and  ail  gelati- 
nous substances,  will  consequently  exhibit  a  greater  efficacy  than  flesh 
or  blood. 


\ 


*  Thornton's  Animal  Ckemi§try,  pp.  996  and  967. 

T  LlaMrs  Ongamie  CkmniHrf  appUtd  $a  Phf^wdogy^  f  814. 
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§  2.   Wool,  uoollen  ra^,  hair,  horn,  and  hones, 

1°.  Wool,  in  the  form  of  the  waste  of  the  spinning-milla,  and  espe- 
cially in  that  of  woollen  rags,  acts  very  efUcaciout^ly  as  a  manure. 
The  rags  are  used  with  good  effect  upon  light  chalks  and  gravels,  in 
which  mey  retain  the  water.  They  are  sometimes  ploughed  in  for 
wheat  alonor  with  the  clover  stubble,  in  the  winter  with  the  corn  stub- 
ble, when  me  land  is  intended  for  turnips,  and  are  sometimes  applied 
as  a  top  dressing  to  clover  and  grass  lands  (British  Husbandry,  1.,  p. 
425.)  They  are  used  most  extensively,  however,  in  the  hop-grounda, 
being  dug  in  round  the  roots,  to  which  thejr  continue  for  a  long  time  to 
supply  much  nourishment  The  estimation  in  which  thev  are  held  may 
be  judged  of  by  the  price  they  bring,  which  is  from  £5  to  £10  a  ton. 

2°.  Hair  also  is  fitted  to  produce  effects  similar  to  those  which  fol- 
low the  use  of  wool.  It  can  seldom,  however,  be  obtained  by  the 
fanner  at  so  economical  a  rate  as  to  enable  him  to  trust  to  it  as  an 
available  resource  when  other  manures  become  scarce. 

3^.  Horn,  in  the  form  of  horn  shavings,  parings,  and  turnings,  is  just- 
ly considered  as  a  very  powerful  manure.  Even  in  the  state  of  shav- 
ings, however,  it  undergoes  decay  still  more  slowly  than  woollen  racs ; 
and,  therefore,  like  them,  will  always  be  mof«t  safely  and  economicsuly 
employed  when  previously  rottCd,  by  being  made  mto  a  compost 

Wool,  hair,  and  horn,  differ  from  flesh,  blood,  and  skin,  by  contain- 
ing very  much  Ifess  water  in  their  natural  state,  and  by  undergoing, 
in  consequence,  a  much  slower  decay,  and  exhibiting  a  much  less 
immediate  action  upon  any  crop  to  which  they  may  be  applied.  The 
intelligent  farmer,  therefore,  will  bear  this  important  distinction  in 
mind,  in  any  opinion  he  may  form  as  to  the  relative  efficacy  of  these 
several  substances  as  genenil  fertilizers  of  the  land.  ^ 

In  chemical  composition,  these  three  substances  are  nearly  identi- 
cal, Emd  they  do  not  differ  widely  from  the  lean  of  beef  or  from  dried 
blood.     When  burned  they  leave  only  a  small  quantity  of  ash : — 

Wool  leaves 20    per  cent  of  ash. 

Hair 0-72  "  " 

Horn 0-7  "  " 

And  the  part  which  bums  away — the  organic  part — consists  of^— 

Wool.  Hair.  Horn. 

Carbon 5005  51-53  51-99 

Hydrogen 703  6-69               6-72 

Nitrogen 17-71  17-94  17-28 

Oxygen  and  Sulphur 24-61  23-84  2401 

100  100  100 

The  organic  part  of  these  three  substances,  therefore,  is  nearly 
identical  in  composition,  and  hence,  when  equally  decomposed,  they 
ought  to  produce  the  same  effects  upon  the  young  crops.  They  con- 
tain a  little  more  nitrogen  than  dried  flesh  and  blood  and  a  little  less 
than  dried  skin,  and  therefore  in  so  far  as  their  fertilizing  action  de- 
pends upon  this  element,  they  ought  to  occupy  an  intermediate  placo 
Detween  these  several  substances. 
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COMPOSITION  OF  BT7RNED  BONES.  jLHJ' 

These  proportions  are  not  to  be  considered  as  constant,  because  it 
varies  not  only  in  the  different  bones  of  the  same  animal  but  cdso  in 
bones  from  the  same  part  of  the  body  of  different  animals  of  the  same 
species.^Thomson's  Animal  Chemistry^  p.  242.^  But  the  existence  of 
fluch  diflerences  must  render  xmlike  the  fertilizing  action  of  the 
bones  of  different  animals — if,  as  many  think,  this  action  depends  in 
any  great  degree  upon  the  quantity  of  phosphate  of  lime  which  they 
respectively  contain, 

4^.  Besides  the  phosphate  and  carbonate  of  lime,  I  have  stated  that 

bones  contain  certain  other  inorganic' substances,  which  are  found  in 

small  quantity  in  the  ash.    What  these  substances  are  will  appear 

in  the  following  table,  which  represents  the  constitution  of  the  oonea 

of  some  animak,  as  analysed  by  Dr.  Thompson : 

Deum  neam         Veitebnu 

of  a  sheep,      of  ■n  ox.    of  a  harldoek. 

>ganic  or  combustible  matter 43-3  48-5  39-5 

Phosphate  of  lime 50-6  45-2  56-1 

.  Carbonate  of  lime 4-5  6-1  3-6 

Magnesia .-.  09  0-2  0-8 

Soda 0-3  0-2  0-8 

Potash 0-2  0-1  — 


99-8  100-3  100-8 
The  soda  exists  in  bones  probably  in  the  state  of  common  salt,  and 
the  magnesia  in  that  of  phoiEqphate.  An  appreciable  quantity  of  fluor* 
ide  of  c«ilciimi,  with  traces  of  iron  and  magnesia,  are  also  generally 
found  in  bones,  in  addition  to  the  substances  indicated  in  the  pre- 
cedinganalyses. 

d^.  When  bones  are  heated  to  redness  in  the  open  air  the  organic 
part  bums  away,  and  leaves  the  white  earthy  matter  in  the  form,  and 
nearly  of  the  bulk,  of  the  original  bone.  But  if  a  dry  bone  be  cover- 
ed with  dilute  muriatic  acid,  Sie  earthy  or  inorganic  part  is  slowly  dis- 
solved out,  and  the  organic  part — ^the  cartilage  or  gelatine — will  alone 
remain,  retaining  also  the  form  and  size  of  the  organic  bone.  In  this 
state  it  is  flexible  and  somewhat  soil,  and  by  prolonged  boiling  may 
be  dissolved  in  water,  and  manufactured  into  glue. 

This  organic  or  combustible  part  of  bones  is  identical  in  cheml* 
eal  composition  with  skin  and  glue,  and  is  nearly  the  same  as  wool, 
hair,  and  horn,  of  which  the  analysis  has  already  been  ^ven.  In 
so  far,  therefore,  as  their  efficacy  depends  upon  the  organic  consti- 
tuent, dry  bones  must  be  greatly  interior  to  an  equal  weight  of  any 
of  the  other  animal  substances  aoove  described,  because  of  the  mucn 
greater  proportion  of  earthy  matter  they  contain. 

§  4.  On  what  does  the  fertilizing  acHonof  bones  depend  7 

Bones  contain,  as  we  have  seen,  a  large  proportion  both  of  organie 
and  of  inorganic  matter ; — on  which  of  these  two  constituents  does 
their  fertilizing  action  most  depend  1  Some  regard  the  phosphate  of 
lime  or  bone  earth,  as  the  only  source  of  the  l^nefits  so  extensively 
derived  from  them — and  it  is  by  supposing  the  soil  to  be  already  sut- 
^cientiy  impregnated  with  this  phosphate,  that  Sprengel  accounts  for 
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the  little  succesB  which  has  attended  the  use  of  bones  in  Mecklenburg 
and  North  Germany.  Others,  again,  attribute  the  whole  of  their  in- 
fluence to  the  organic  part — the  gelatine — which  bone«  contain. 
Neither  of  these  views  is  strictly  correct  Plants,  as  we  have  seen, 
require  a  certain  quantity  of  phosphoric  acid,  lime,  and  magnesia, 
which  are  present  in  the  inorganic  part  of  bones,  and  so  far,  therefore, 
are  capable  of  deriving  inorganic  food  from  bone-dust  But  the  or- 
ganic part  of  bones  wiU  decompose,  and  therefore  will  act  nearly  in 
the  same  way  as  skin,  wool,  hair,  and  horn  do — ^which  substances  it 
resembles  in  ultimate  composition.*  It  cannot  be  doubted,  therefore, 
that  a  considerable  part  of  the  effect  of  bones  upon  all  crops  must  be 
due  to  the  gelatine  which  they  contain. 

The  principal  facts,  now  known  in  regard  to  the  action  of  bones, 
may  be  thus  stated  : — 

P.  The  organic  matter  of  bones  acts  like  that  of  skin,  woollen  rags, 
horn  shavings,  &rC.,  but  as  bone-dust  contains  only  about  one-third  or 
the  organic  matter  which  is  present  in  an  equal  weight  of  either  of  the 
above  substances,  its  total  effect,  in  so  far  as  it  depends  upon  the  or- 
ganic matter,  will  be  less  in  an  equal  proportion. 

2^.  But  as  the  organic  matter  of  bones  contains  more  water  than 
horn  or  wool,  (p.  446,)  it  will  decay  more  rapidly  than  these  substan- 
ces when  mixed  with  the  soil,  and  will  therefore  De  more  immediate  in 
its  action.  Hence  the  reason  why  woollen  rags  and  horn  shavings  must 
be  ploughed  in  in  the  preceding  winter,  if  they  are  to  benefit  the  subse- 
quent wheat  or  turnip  crops,  while  bone-dust  can  be  beneficially  ap- 
plied at  the  sowing  of  the  seed. 

3^.  When  bones  are  boiled  the  oil  will  be  separated,  and  a  portion  of 
the  gelatine  will  at  the  same  time  be  dissolved  outf  The  bones, 
therefore,  will  be  in  reality  rendered  less  rich  as  a  manure.  But  as 
they  at  the  same  time  take  up  a  considerable  quantity  of  water,  boiled 
bones  will  decompose  more  rapidly  when  mixed  with  the  soil,  and 
thus  will  appear  to  act  as  beneficiallv  as  unboiled  bones.  Hence  the 
reason  why  in  Cheshire,  where  boilecl  bones  are  used  to  a  considerable 
extent,  many  practical  men  are  of  opinion  that  their  action  upon  the 
crops  is  not  inferior  to  that  of  bones  from  which  the  oil  has  not  been 
extracted  by  boiling.  The  immediaie  efiect  may  indeed  be  equal,  or 
even  greater,  than  that  of  unboiled  bones,  but  the  total  effect  must 
be  l^ss  in  proportion  to  the  quantity  of  organic  matter  which  has 
been  removed  oy  boiling.    Cases,  however,  may  occur  in  which  the 

*  The  main  differencf*  in  In  the  qaantltj  of  Rulphar  contalnnil  in  hair.  An  analTsle  of 
boman  hair,  by  Van  Labr  (iJmwifrn  der  Pharmade^  jciv ,  p.  168.)  which  has  reached  mm 
•Inre  the  preceding  •heel  went  to  presa,  ahows  the  proponion  of  sulphur  more  aecanMalj 
than  that  which  is  iriven  at  piife  446.  He  foand  human  hair  of  various  cnlon  to  l«>ave  from 
one- third  to  nearly  two  p^r  cent,  of  ash  when  burned,  and  to  oonsiit  besides  of  Carbon, 
50-66~IIjrdroffen.  6  36— Nlrro|ren,  IM4-Ox7(en,  20'efr--^Ipbur,  6<10-Total,  IQO-and 
nearly  half  a  per  cent,  of  Phosphorus. 

t  iSie  prolonged  boillni^  of  bones,  so  as  to  dissnlve  a  portion  of  the  f  elatlne,  Is  practised 
to  a  eoosldsrable  extent  m  a  mode  of  manufacturing  sixe  or  ^ue.  In  the  large  dveing  e^ 
tabliahments  Id  Manchester,  the  bones  are  boiletl  in  open  pans  for  9\  hours,  the  fat  sUn^ 
med  olf  and  sold  to  the  candle- makers,  and  the  nize  afterwards  boiled  down  In  another 
vessel  till  it  Is  of  snfllcient  strength  for  etiflTening  the  thick  goods  for  whirh  it  Is  intended. 
The  siae  liquor,  when  exhausted,  or  no  longer  of  sufficient  strength  for  stHTenint,  Is  appHed 
with  much  benefit  «s  a  manure  to  (he  adjacent  pasture  and  artifirial  grans  landii,  and  th« 
bones  are  readily  bought  up  by  (h«  Lancashire  and  Cheghtre  farmers.  Hie  boiled  bones 
moig  eridantly  fese  afl  the  fertillsinf  Tiitue  which  the  siae  liquor  acquires. 
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skilful  man  will  prefer  to  use  boiled  bones  because  they  are  fitted  to 
produce  more  immediate  effect  where — as  in  the  pushmg  forward  of 
the  young  turnip  plant — ^such  an  effect  is  particularly  required. 

4°.  When  bones  are  buried  in  a  more  or  less  entire  state,  as  they  oc- 
casionally are  about  the  roots  of  vines  and  fruit  trees,  they  gradually 
decay,  and  sensibly  promote  the  growth  of  the  trees  to  which  they  are 
appbed.  Yet  afler  the  lapse  of  years  these  same  bones  may  be  dug  up 
nearly  unaltered  either  in  form  or  in  size.  The  bones  of  a  bear  and  of  a 
stagy  af\er  being  long  buried,  were  found  by  Marchand  to  consist  of— 

Bones  oftlM  bear  burled 

deep.  ehallow.     Femorofmilaf. 

Animal  matter 16-2                    4-2  7-3 

Phosphate  of  lime 560  62-1  541 

Carbonate  of  lime 13-1  13-3  19-3 

Sulphate  of  lime .' .  7-1  12-3  12-2 

Phosphate  of  magnesia 0-3                    0-5  2*1 

Fluoride  of  calcium. 2-0                    21  *  2-1 

Oxide  of  iron  and  manganese.  2*0                    2-1  2-9 

Soda M                     1-3  — 

Silica 2*2                    21  — 


100  100  100 

The  most  striking  change  undergone  by  these  bones  was  the  large 
loss  of  organic  or  animal  matter  thev  had  suffered.  The  relative 
proportions  of  the  phosphate  and  carbonate  of  lime  had  been  com- 
paratively little  altered.  The  main  effect,  therefore,  produced  by 
Dones  when  buried  at  the  roots  of  trees,  and  their  Jirst  effect  in  all 
cases,  must  be  owing  to  the  animal  matter  they  contain — the  ele- 
ments  of  this  animal  matter,  as  it  decomposes,  bemg  absorbed  by  the 
roots  with  which  the  bones  are  in  contact 

Such  facts  as  this  prove,  I  think,  the  incorrectness  of  the  one-sided 
opinion  too  hastily  aavanced  by-Sprengel,  and  afler  him  reiterated 
by  Liebig  cmd  his  followers — that  the  principal  efficacy  of  bones  is, 
in  all  cases,  to  be  ascribed  to  their  earthy  ingredients,  and  especially 
to  the  phosphate  of  lime. 

This  opinion  of  Sprengel  rests  mainly  on  two  facts  put  forward  by 
himself  (Lehre  vom  Danger,  p.  153.)  Bones,  he  says,  have  failed  to 
produce  m  North- Western  Germany  the  ^ood  effects  for  which  they 
are  so  noted  in  England,  yet  in  the  same  districts,  farm-yard  and  other 
animal  manures  exhibit  their  usual  fertilizing  action.  It  cannot,  there- 
fore, he  concludes,  be  the  animal  matter  of  bones  to  which  their  benefi- 
cial influence  is  to  be  ascribed.  But  to  this  conclusion  we  may  fairly 
demur,  when  we  know  how  oflen  on  heavy  and  undrained  lands  bone- 
dust  fails  even  among  ourselves.  Let  biones  be  tried  for  the  turnip 
crop— a>;rop  still  almost  unknown  in  Northern  Germany — ^and  upon 
well  drained  soils  similar  to  those  of  our  best  turnip  lands,  and  I  ven- 
ture to  predict,  in  opposition  to  Sprengel's  experience,  that  bones  will 
DO  lon^r  fail  even  m  Mecklenburg. 

Again,  having  drawn  his  conclusion  in  regard  to  the  inutility  of  the 
animal  matter,  Sprengel  states  that  the  man  which  is  appliea  to  the 
land  in  HoLrtein  and  the  neighboring  provinces,  contains  phosphate 
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of  lime  (p.  371.)  and  hence  the  reason  why  the  earthy  matter  of  the 
bones  applied  does  not  improve  the  land.  In  so  far  as  the  efficacy  of 
bones  really  depends  upon  their  earthy  constituents,  the  use  of  a  marl 
containing  phosphate  of  lime*  will,  no  doubt,  greatly  supersede  them ; 
— ^but  in  so  far  as  it  depends  upon  the  animal  matter  they  contain, 
bones  will  exhibit  their  natural  fertilizing  action,  however  rich  the 
soil  may  already  be  in  those  compounds  of  which  their  earthy  or  in* 
combustible  part  consists.  '  ^ 

5°.  Yet  there  is  reason  to  believe — nay,  it  maybe  assumed  as  cer- 
tain— ^that  the  phosphate  and  carbonate  or  lime  ^ich  bones  contain  so 
largely,  are  not  without  effect  in  promoting  vegetation.  All  our  culti- 
vated plants  require  and  contain  i)oth  phosphoric  acid  and  lime,  (see 
Lee.  X.,  §  3,)  and  from  the  vegetables  on  which  they  feed,  all  animals 
derive  the  entire  substance  or  t^eir  bones.  This  same  phosphoric 
acid  and  lime,  therefore,  must  exist  in  the  soil  on  which  the  plants 
grow,  or  they  will  neither  thrive  themselves  nor  be  able  prop^y  to 
nourish  the  animals  they  are  destined  to  feed.  If  a  soil,  then,  be  de- 
ficient in  phosphate  of  ume  or  its  constituents,  it  is  clear  that  the  ad- 
dition of  bones  will  benefit  the  after-crops  not  only  by  the  animal,  but 
by  the  earthy  matter  also  which  they  contain.  And  that  such  is  the 
case,  in  many  instances,  there  is  good  reason  for  believing.  But  that 
tills  can  by  no  means  account  for  the  whole  effect  of  bones,  even  sup- 
posing the  soil  to  which  they  are  applied  to  be,  in  every  instance,  den- 
cient  m  phosphates,  is  clear  from  tlie  fact  (see  Lee.  A.,  §  4,)  that  260 
lbs. — less  than  6  bushels — of  bone-dust  per  acre  are  sufficient  to  sup- 
ply all  the  phosphates  contained  in  the  crops  which  are  reaped  durinjo^ 
an  entire  fourshlft  rotation  of  turnips,  barley,  clover,  and  wheat  Yet  * 
the  quantity  of  bones  actually  appued  to  the  land  is  from  three  to  five 
times  the  above  weight,  repeated  every  time  the  turnip  crop  comes 
round. 

6°.  Still,  granting  that  the  chief  effect  of  bones  upon  the  immedi- 
ately succeeding  crops  is  due  to  their  organic  part,  upon  what  does 
their  prolonged  good  effect  depend  ?  Some  lands  remember  a  single 
dressmg  of  bones  for  16  or  20  years,  and  some  afler  the  application 
of  2  or  2i  tons  of  bones  have  yielded  10  to  15  successive  crops  of 
oats,  and  have  been  sensibly  benefitted  for  as  many  as  sixty  years 
afler  the  bones  were  applied.  (See  Appendix,  No.  I.,  and  British 
Husbandry,  I.,  p.  398.) 

This  prolonged  effect  is  also  due  in  part  to  both  constituents.  When 
not  crurfied  to  powder,  the  organic  matter  of  bones  is  always  slow  in 
disappearing,  and  slower  the  deeper  they  are  buried.  In  some  soils, 
also,  the  process  is  more  slow  than  m  others.  The  long^buried  bones  of 
the  bear  and  of  the  stag,  of  which  the  analysis  is  given  above  (p.  449,) 
had  lain  in  the  soil  for  an  unknown  period,  and  yet  they  still  contained 
a  sensible  proportion  of  animal  matter.  So  it  is  with  the  bones  used  for 
manure,  wnen  they  are  not  crushed  too  fine.  They  long  retain  a  por- 
tion of  their  organic  matter,  which  they  give  out  more  slowly,  and 

'  Mo4t  llme-*ton(>8  und  shell  sands  contain  an  appreciable  quantity  of  this  phosphaie«  and 
will,  therefore,  to  the  same  extent,  saperaede  the  use  of  the  earthy  matter  of  bnnea.  Much 
of  the  marl  of  Holstein  eonsfaifl  of  the  detritus  of  challc  nocka,  aoeleotlj  broken  op  nod 
e»rriad  ofT— by  the  waters  of  the  sea  wUh  which  that  put  of  EnroM  wu  ooTwed  at  n» 
▼cry  remote  geologleal  epoch. 
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in  Bmaller  quanti^j  every  year  that  passes,  yet  still  in  such  ahun- 
3ance  as  to  contrioute  sensibly  to  the  nourishment,  and  in  some  de- 
cree to  promote  the  growth  of  the  crops  which  the  land  is  mode  to 
bear.*  So  it  would  oe  with  the  horns  and  hoofs  of  cattle,  if  laid  on  in 
equal  quantity,  for  they  also  decay  with  exceeding  slowness. 

Still  the  inorganic  part  is  not  without  its  use.  Tfthe  soil  be  deficir 
ent  in  phosphates  or  m  lime,  the  earthy  matter  of  the  bones  will  sup- 
ply these  substances.  I  only  wish  to  guard  you  against  the  conclu^ 
sion,  that  because  bones  often  act  for  so  long  a  period<  that  therefore 
the  organic  matter  can  have  no  share  in  the  innuence  they  exercise 
aller  a  limited  period  of  years. 

He  who  candidly  weighs  the  considerations  above  presented  will,  I 
think,  conclude  that  the  whole  effect  of  bones  cannot  in  any  case  be 
ascribed  exclusively  either  to  the  one  or  to  the  other  of  their  principal 
constituents.  He  will  believe,  indeed,  that  in  Hie  turm'p  husbandry  the 
orjyranic  part  performs  the  most  prominent  and  most  immediately  useful 
office,  but  that  the  earthy  part,  nevertheless,  affords  a  readv  supply  of 
certain  organic  kinds  ofjfood,  which  in  many  soils  the  plants  would 
not  otherwise  easily  obtain.  He  will  assign  to  each  constituent  its 
separate  and  important  function,  being  constrained,  at  the  same  time, 
to  confess  that  while  in  vei^  many  cases  the  earthy  part  of  bones  ap- 
plied alone  vfoiM  fail  to  benefit  the  land,  there  are  few  cultivated 
nelds  in  ^^hich  the  organic  part  applied  alone  would  not  materially 
promote  the  growth  of  most  of  our  artificial  crops. 

§  5.  Gfthe  application  of  bone^utt  to  pasture  lands. 
If  the  soil  be  deficient  in  phosphate  of  lime,  bone-earth  alone,  or  the 
mineral  phosphate  (Lee.  I  A.,  §  4,)  maybe  advantageously  applied  to 
increase  its  fertility.  In  a  four-years'  rotation  of  turnips,  barley,  clover, 
ai^  wheat,  if  bones  be  used  for  the  turnip  crop,  the  land  will  every  ro- 
tation become  richer  in  bone^arth,  (see  preceding  page,)  and  there- 
fore the  application  of  .earthy  phosphates  cannot — after  a  few  rota- 
tions— be  expected  materially  to  afifect  its  productiveness.  But  pas- 
ture lands  are  treated  differently,  and  it  is  not  unlikely  that  in  some 
instances  the  earth  of  bones,  even  applied  alone,  may  to  such  lands 
be  productive  of  considerable  benefit 

The  application  of  bone-dust  to  permanent  pasture  has  of  late 
years  been  practised  with  great  success  in  Cheshire.  Laid  on  at  the' 
rate  of  30  to  35  cwt,  or  at  a  cost  of  £10  per  acre,  it  has  increased 
the  vaiue  of  old  pastures  fi*om  10s.  or  ISs.  to  30s.  or  40b.  per  acre : 
and  after  a  lapse  of  20  years,  though  sensibly  becoming  less  valu- 
able, land  has  remained  still  worth  two  or  three  times  the  rent  it  paid 
before  the  bones  were  laid  on. 

It  is  this  lengthened  good  effect  of  bone-dust  that  affords  the  strongest 
ground  for  believing  that  the  earthy  phosphate  has  a  large  share  in  the 

*  This  opinion  derlTet  a  tlnKolarly  intereatinc  coDfirmatlon  from  the  fact  that  a  portion 
0f  fhe  soil  of  an  arable  dlatriet  in  Sweden,  **  which  from  time  immemorial  had  crown  ex- 
cellent wheat  without  mmiure/'  waa  found  by  Beraeliua  to  contain  minute  Araf  ments  of 
bone  capable  upon  bollfnf  with  water  of  yielding  a  weak  aolofion  of  irelafine.  It  ww 
concluded,  therefore,  that  the  apot  had  been  an  ancient  baule-fleld,'  and  thai  Ita  prolonf  sd 
fectility  waa  due  to  the  booea  of  old  lime  boried  la  It,  and  MlU  to  aoow  eaenC  undecom- 
po«d(Marehand) 
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effect  I  have  already  shown  that  this  prolonqred  action  is  not  concTu- 
Bive  upon  the  point — smce  the  organic  matter  lingers  long,  even  in  hurl- 
ed hones — but  a  consideration  of  the  necessary  effect  of  long  continu- 
ed pasturage  upon  soils  to  which  nothing  is  artificially  added,  lends  a 
sinfTular  support  to  the  view  that  the  bone-earth  may  act  an  important 
and  beneficial  part  upon  old  meadow  and  other  grass  lands.  Take 
the  instance  of  a  dairy  farm  in  the  neighborhood  of  a-4arge  town, — 

1°.  The  milk  is  all  carried  off  the  farm,  either  directly  or  in  the  shape 
of  butter,  cheese,  &c.,  and  every  40  gallons  of  milk  contain  1  lb.  of 
bone-earUi,  besides  other  phosphates.  Estimate  the  average  yield  of  a 
good  cow  at  3000  quarts,  or  7o0  millons  a-year,  its  milk  wiU  contain  19 
lbs.  of  earthy  phosphate — as  much  as  is  present  in  30  lbs.  of  bone-dust. 

2^.  Again,  .the  urine  of  "a  mifk  cow,  taken  at  700  gallons  a-year, 
contains  about  11  lbs,  of  the  same  phosphate.  (A  cow,  not  in  milky 
gives  on  an  average  about  1300  gallons  of  unne — ^see  page  460.) 
Suppose  only  a  third  of  this  to  run  to  waste,  and  the  farm  will  lose  for 
every  cow  in  this  way  about  4  lbs. — equal  to  about  6  lbs.  of  bone-dust 

3°.  But  for  every  cow  an  annual  calf  is  reared  and  sold  off.  Let  this 
calf  contain  but  20  lbs.  of  bone — then  for  every  cow  it  maintains,  a  dairy 
farm  will  lose  of  earthy  phosphates  upon  the  vhote  as  much  as  is 
contained  in  56  lbs.  of  bone^ust.  Suppose  a  farm  to  be  pastured 
for  centuries,  as  those  of  Cheshire  have  been,  and  the  produce  to  be 
carried  off  in  the  form  of  milk,  butter,  and  veal — we  may  reasonably 
suppose  that  it  will  at  length  begin  to  feel  the  want  of  those  phos- 
phates which  year  by  year  have  oeen  drawn  from  its  surface.  It  is 
reasonable  also  to  suppose  that  the  addition  of  these  deficient  phos- 
phates would  impart  new  vigor  to  the  soil,  would  cause  new  grasses 
to  sprout,  and  a  more  milk-yielding  herbage  to  spring  up. 

Such  is  the  reasoning  upon  which  I  some  years  ago  attempted  to 
found  an  explanation  of  me  smgularly  striking  enects  produced  by  bone- 
dust  on  the  grass  lands  of  Cheshire,  while  it  failed  materially  to  im- 
prove those  of  other  districts  on  which  it  had  been  tried.  I  still  consider 
It  as  by  no  means  without  its  weight  though  I  cannot  concur  with  the 
extreme  views  which  some  have  since  adopted — that  either  in  the  case 
of  Cheshire,  or  in  any  other  case  with  which  I  am  acquainted,  the  benefi- 
cial action  of  bone-dust  is  to  be  ascribed  solely  to  its  earthy  constituents. 

§  6.  Of  animal  charcoal^  the  refuse  of  the  sugar  refineries,  and 
animalized  carbon, 

1°,  Animal  charcoal,  (bone  black.^ — When  bones  are  charred  or 
distilled  at  a  red  heat  in  close  vessels,  they  leave  behind  a  coaly  re- 
siduum to  which  the  name  of  animal  charcoal  is  usually  given.  By 
this  calcination  the  animal  matter  is  almost  entirely  decomposed. 
The  charcoal  still  retains,  however,  a  little  nitrogen,  and  thougn  it  is 
seldom  employed  as  a  manure,  yet  it  is  not  wholly  without  effect  in 
promoting  the  growth  of  our  cultivated  crops.  Thus  in  1842,  when 
applied  to  Swedish  turnips,  Mr.  Fleming  obtained  fnftn  the  unma- 
nured  soil  12  tons  5  cwt  per  acre ;  but  when  manured  with  10  cwt 
of  animal  charcoal,  21  tons  2  cwt  (see  Appendix,  No.  VIII.) 

2^.  Refuse  charcoal  of  the  sugar  refiners. — The  animal  charcoal 
above  described  is  chiefly  employed  for  the  purpose  of  removing  iho 
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color  from  solutions  of  raw  sagar.  Blood  is  also  used  for  clarifying 
the  same  solutions,  and  quick-lime  for  neutralizing  the  acid  matter 
they  contain — thus  rendering  the  eyrupe  more  capable  of  easy  crys- 
tallization. Hence  the  animal  charcoal,  the  bloo^  the  lime,  and  the 
coloring  and  other  matters  separated  from  the  sugar,  become  mixed 
together,  and  form  the  refuse  of  the  su^ar  refiners.  This  refuse  oflen 
contains  from  one-fifth  to  one-fourth  of  its  weight  of  blood,  and  hence 
is  in  general — and  especially  in  France,  where  it  is  extensively  em-' 
ployed  as  a  manure — considered  from  four  to  six  times  more  power- 
ful than  the  pure  animcd  charcoal  alone.  In  the  western  parts  of 
France  this  mixture  has  for  some  years  been  in  great  repute  among 
agriculturistSj  and  in  addition  to  that  which  is  pr^uced  at  home,  has 
been  largely  imported  from  other  countries.  Into  the  ports  upon  the 
river  Loire  alone  there  were  entered,  in  1839,  upwards  of  ten  thousand 
tons  ^Boussingault,  An.  de  Chim,  et  de  P/iys.,  3d  series,  iii.,  p.  96.) 
It  sells  at  about  five  pounds  a  ton. 

The  value  of  this  substance  depends  ver]^  much  upon  the  propor- 
tion of  blood  which  it  contains,  and  as  this  is  in  some  measure  vari- 
able, its  fertilizing  qualities  must  be  variable  also.  In  England  blood 
is  used  much  more  sparingly  in  the  refining  of  sugar  than  it  used  to 
be,  and  hence  the  refuse  of  our  refineries  is  probably  less  valuable 
as  a  manure  now  than  it  was  in  former  years.*  This  is  probably  one 
reason  why  Mr.  Fleming  obtained  from  the  use  of  it  a  somewhat 
smaller  crop  of  turnips  than  from  an  equal  quantity  of  the  unused 
animal  charcoal.  Upon  Swedish  turnips  10  cwt  of  unused  animal 
charcoal  gave  him  21  tons  2  cwt ;  whue  10  cwt  of  the  refuse  gave 
10  tons  7  cwt  (Appendix,  No.  VIII.) 

Still  this  result  is  sufficiently  favorable  to  recommend  the  refuse  or 
exhausted  animal  charcoal  to  the  practical  agriculturist  where  more 
economical  manures  cannot  readily  be  obtained. 

3^.  AmmoHzed  carhorL — The  estimation  in  which  the  refuse  char- 
coal of  the  sugar  works  was  held,  has  led  to  the  manufacture  of  very 
useful  imitations  of  it  under  the  name  of  animalized  carbon.  A  cal- 
careous soil,  rich  in  vegetable  matter,  (bn  intimate  mixture  of  peat 
and  marl  or  shell-sand  would  answer  well,)  is  charred  in  close  ve&- 
sels,  and  is  then  mixed  at  intervals  with  repeated  portions  of  night 
soil  as  long  as  it  disinfects  it  or  removes  its  smell — and  to  this  mixture 
IB  added  4  or  5  per  c%nt  of  clotted  and  partially  dried  blood.  This 
animalized  carbon  is  said  to  be  of  much  value  as  a  manure.  The 
main  objections  to  it  are  its  liability  to  adulteration  and  the  uncertain- 
ty to  .which,  eveh  when  skilfully  and  conscientiously  prepaured,  its 
composition  must  be  in  some  measure  liable. 

§  7.  Of  fishy  fish  refusej  whale  blubber,  and  oil. 

1<>.  Pi^ — In  some  parts  of  the  world,  and  occasionally  on  the  shores 
of  England,  fish  are  met  with  in  such  abundance  that  they  can  be  econo- 
micalfy  employed  as  a  manure  for  the  land.  They  are  either  spread  over 

'  The  refinlnir  **  conslsrs  in  putfirui  the  eocar  into  a  larse  square  cnpper  cistern  aIon<  with 
«on«  Hme  wal^r.  a  Utile  Imllock's  blood,  and  from  6  to  20  per  eent  of  bone  Mack,  and  in< 
jeeHnt  ateam  throagh  the  mixtare.  InHtiad  of  th$  blood  many  n>finerii  emplov  a  mixtora 
of  gelalinoaa  alumina  and  gypaiim,  called  fimnn^  prepared  bj  addinc  lime  water  to  a  ao- 
latloa  of  alum,  and  eoUeelinf  the  precipitate"  (tire.)  Hence  the  reaaon  wby,  In  F-f  ifM 
•t  iMUt,  Cba  refiiaa  ohareoal  of  the  aiifar  worts  la  not  ofanqivrieh  in  blood. 
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it  in  a  recent  state,  or — which  is  more  economical, — arejnade  into  a  coia- 
post  chiefly  with  earth,  which  afler  a  time  proves  rich  and  fertilizing. 

The  bones  of  fish  are  similar  in  composition  to  those  of  terrestrial 
animals  (p.  447),  and  their  muscular  parts  are  nearly  identiccd  in  ele- 
mentary constitution  with  the  lean  p£urt  of  beef  and  the  clot  of  blood. 
As  fertilizing  agents,  therefore,  the  parts  of  fishes  will  act  nearly  m 
the  same  way  as  the  blood  and  bodies  of  animals. 

2*^.  Fish  refuse. — The  pilchards  of  Cornwall  and  the  herrings,  cod, 
and  ling  of  our  northern  coasts,  when  cleaned  for  salting,  yield  a 
large  quanti^  of  refuse,  ^fourteen  barrels  of  herrings  yield  one  af 
refuse,)  whicn  is  peculiarly  valuable  to  the  farmers  in  the  neighbor- 
hood of  the  principal  fishing  stations. 

•In  the  North,  a  compost  prepared  from  this  fish  refiuie,is  general)!^ 
esteemed  as  a  manure  for  barley  and  green  crops,  but  when  extei)- 
siveiy  used,  "  is  said  to  render  the  soil  uimt  for  the  production  of  oats." 
Such  soil  is  said  to  be  poisoned  (Sinclair's  Statistical  Account  of 
Scotland,  viL,  p.  201,  quoted  in  British  Husbandry,  I.,  p.  421.^ 

3<>.  Whcde  olubber, — When  the  oil  is  expressed  from  whale  blub- 
ber, a  skinny  or  membraneous  refuse  remains,  which  has  hitherto 
been  employed  only  as  a  manure.  It  is  made  into  a  compost  with 
earth,  which  is  several  times  turned,  and  the  mixture  is  most  usefully 
employed  after  it  has  lain  not  less  than  9  or  12  months.  It  may  be 
applied  either  to  grass  or  to  arable  land. 

4^.  Whale  oil,  and  that  of  other  fish,  when  made  into  a  compost  with 
earth  and  a  little  lime  or  wood  ashes,  yields  a  manure  which  was  much 
recommended  by  the  late  Dr.  Hunter  of  York  (see  his  Georgical  Es- 
says, vols.  1,  2,  and  5.)  Merely  mixed  with  absorbent  earth,  and  ap- 
plied at  the  end  of  one  month,  impure  whale  oil,  at  the  rate  of  40  gallons 
per  acre,  gave  the  late  Mr.  Mason,  of  Chilton,  near  Durham,  a  crop  of 
23i  tons  of  turnips,  while  40  bushels  of  bones  ^ve  him  only  22  tons. 
More  recently,  also,  it  has  been  found  that  the  mixture  of  a  few  gallons 
of  oil  with  the  usued  quantity  of  bone-dust  increased  to  a  considerable 
degree  the  turnip  crop  to  which  it  was  applied.  In  a  theoretical  point 
of  view,  it  would  be  interesting  to  estaoush  the  fact,  that  pure  oil  is 
capable  of  promoting  in  a  large  degree  the  growth  and  produce  of 
our  cultivated  crops— though,  as  a  resource,  of  which  farmers  in  gene- 
ral can  avail  themselves  wnere  other  manure  is  scarce,  its  hijf  h  prioe 
will  probably  prevent  it  from  ever  becoming  extensively  useiuL 

{  8.  BelaHve  fertilizing  value  of  the  animal  manures  already 
•  described. 

No  sufficiently  decisive  experiments  are  yet  upon  record,  from 
which  the  relative  value  of  the  several  animal  manures  above  des- 
cribed can  be  satisfactorily  deduced.  That  they  differ  in  fertilizing 
power  every  farmer  is  aware,  but  it  is  not  yet  decided  by  actual  tnal, 
m  what  proportion  one  of  them  exceeds  the  other. 

I  have  already  stated  to  you  (p.  440)  the  theoretical  opinion  enter- 
tained by  many,  that  the  efficacy  of  aU  manures  is  in  proportum  to  the 
^fuantity  of  nitrogen  they  contain^  Adopting  this  prmciple  as  trae,  it 
IB  easv  to  assign  to  each  substance  its  proper  place  m  an  artificial  tabka^ 
The  last  column  in  the  ibllowiag  table  shows  the  quantity  of  i 
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■abBtance  in  Oir  ordinarfttats  cf  dryness,  Whieh  will  be  necessary  to 
produce  the  same  effect  at  100  lbs.  of  common  fahfl-ycLrd  manure, 
•apposing  this  effect  to  be  determined  by  the  nitrogen  alone. 

BqatlefAeta 

WaftMrMTMBt    AibptreMt    Nttrqfm  per eent    produced  bv 

Farm-yard  manune..    80  ?  4  100  lbs. 

Flesh 77  1  3^  14   « 

Fish fiO  2  24  80   " 

Blood... 79to83  1  3  16    « 

Blood  dried* 12  to  20  3i  12  to  13  8    « 

Skin 58  4      v        8  12    « 

Wool,  hair,  and  horn.  0  to  11  1  to  2         16  6    <<       ^ 

Bones 14  40  to  60    5td9'       11  to  20  « 

^  Refuse    charcoal   of 

the  Sugar-works. .     48  i  1  50   << 

Animalized  carbon. .     45  ?  1  50    " 

I  have  already  had  occasion  to  remark,  however,  that  this  mode  oC 
classifying  manures  is  not  altogether  to  be  depended  upon.    Since--- 

l**.  It  does  not  take  into  account  the  Quantity  ot  inorganic  matter 
they  seVeraU^r  contain,  which  as  shewn  in  the  third  column  is  parti- 
cularly lar^e  in  bones,  and  is  by  some  considered  as  the  rmost?;  im^ 
portant  and  influential  constituent  of  this  manure.  Nor  is  toy  effect 
ascribed  to  such  substances  as  the  sulphur^  which  in  hair  and  wool 
forms  nearly  5  per  cent  of  their  whole  weight,  and  which  cannot  be 
wholly  without  influence  upon  the  plants,  by  which,  as  they  decay, 
the  elements  df  these  manures  may  nappen  to  be  absorbed. 

2^.  It  passes  by  the  praeHcal  influence  of  the  quantity  of  water 
which  the  several  substances  contain.  Flesh,  fish,  blood,  and  skin,  in 
their  recent  state,  contain  so  much  water  that  they  begin  almost  im-* 
mediately  to  decompose,  and  thus  expend  most  of  their  fertilizing 
virtae  upon  the  first  crop  to  which  they  are  applied.  Hair  and  wool,  on 
the  other  hand,  retain  solittle  water  that  they  decay  with  great  slowness. 
Hence,  the  ti^e  amount  of  the  action  of  these  kitter  sul^tances  cannot 
be  estimated  in  a  single  year,  and  must  therefore  be  altogether  a  mat- 
ter of  theory  until  a  series,  of  careful  observations,  made  in  consecu- 
*  tive  years,  shall  afford  some  decisive  facts  upon  which  to  reason.      < 

3^.  This  is  confirmed  by  the  statement  of  boussingault  and  Payen, 
(Annales  de  Chim.  et  de  Phys^  3d  series,  iii^  p.  94,^  that  the  effect 
of  the  animal  charcoal  of  the  sugar  refiners  and  or  the  animalized 
oarbcm  is,  by  ta:perience^  iwi  Hmes  greater  than  the  proportion  of  ni- 
trogen they  contain  would  indicate ;  and — 

4^.  If  ]^re  oil,  which  contains  no  nitrof^  at  all,  will  yet  produce 
an  enrkhmg  manure  by  mere  mixture  with  the  soil  (p.  454),  or  will 
increase  greatly  the  efibot  of  bones*— we  must  obviously  seek  for 
some  other  principle  upon  which  to  account  for  the  effect  of  manures, 
besides  or  in  addition  to  the  proportion  of  nitrogen  they  contaia.  It 
ifl  true  that  the  impure  or  rerose  whale  oil  used  for  composts  may 
eontain  some  nitrogen,  but  we  can  scarcely  si:qppose  250  or  300  lbs, 
of  duch  oil  to  hold  so  much  of  this  element  as  to  account  for  all  the 
effects  which  the  oil  is  said  to  have  produced. 

<•  As  tt  it  Mid  ftr  auBUiit  It  Pwli  Hid  damfatn,  p.  418. 
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While,  then,  we  put  bo  much  faith  in  theory  as  to  believe  that  «ao* 
stances  which  contain  much  nitrogen  are  very  likely  to  prove  valua* 
ble  manures, — we  must  not  allow  ourselves  to  be  so  earned  away  by 
the  simplicity  of  the  principle  as  to  believe  either  that  their  relative 
effects  upon  our  crops  may  be  cUwafs  estimated  by  the  proportion  of 
nitrogen  they  contam,  or  that  a  substance  ma;|^  not  largely  increase 
the  produce  of  our  fields  in  which  no  nitrogen  is  present  at  all.  In- 
deed, the  effects  of  saline  substances  alone  are  sufficient  to  satisfy  tts 
how  untrue  to  nature  tliis  latter  opinion  would  be. 

§  9.  Of  the  droppings  of  fowU-^geotui*  dung^  and  guano. 

The  dropping^s  of  birds  form  one  of  the  most  powerful  of  knowo  ma- 
nures. This  arises  in  part  from  the  circumstances  that  in  the  econo- 
my of  birds  there  is  no  final  separation  between  the  liquid  and  soUd 
excretions.    Both  escape  mixed  together  from  the  same  aperture. 

l'^.  Pigeon^  dung  is  much  prized  as  a  manure  wherever  it  can  be 
obtained  in  any  considerable  quantity.  In  Belgium  it  is  esteemed  as 
a  top-dressing  for  the  young  flax,  and  the  yearly  produce  of  100 
pigeons  is  sold  for  about  20s.  Its  immediate  effect  depends  upon  the 
quantity  of  soluble  matter  it  contains,  and  this  varies  much  accord- 
ing to  its  age  and  the  circumstances  under  which  it  has  been  pre* 
served.  Thus  Davy  ^Davy's  Agricultural  Chemistry,  Lecture  VI.,) 
and  Sprengel  obtaiiiea  respectively  of 

Recent.  Six  months'  old.  After  frrmentAlloa 

(Uiivy.)  (Apreofel)  •         (D^tj.) 

®£l"dJ!i^g.'"  \  23  per  cent       16  pe.  cent .         8  per  cent 

The  soluble  matter  consists  of  uric  acid  in  small  quantity,  of  urate, 
sulphate,  and  especially  of  carbonate  of  ammonia,  common  salt,  and 
sulphate  of  potash ; — tne  insoluble  chiefly  of  phosphate  of  lime,  with 
a  little  phosphate  of  magnesia,  and  a  variable  admixture  of  sand  and 
other  earthy  matters  (^Sprengel's  Lehre  vom  Darker,  p.  140.)  When 
exposed  to  moisture,  the  pigeons'  dung,  especially  if  recent,  undergoes 
fermentation,  loses  a  portion  of  its  ammoniacal  salts,  and  thus  be- 
comes less  valuable.  When  it  is  intended  to  be  kept  it  should  be 
mixed  with  a  dry  vegetable  soil,  or  made  into  a  compost  with  earth 
rftid  saw  dust,  with  a  portion  of  pulverized  or  charred  peat,  or  with 
such  a  disinfecting  charcoal  as  that  which  is  employed  m  the  manu- 
ihcture  of  the  animalized  carbon  above  described. 

3^.  Hens^  dung  often  accumulates,  decomposes,  and  runs  to  waste 
in  poultry  yards,  when,  with  a  little  care,  it  might  be  collected  in 
considerable  quantities. 

3^.  Goose  aung  is  leas  rich  than  that  of  hens  or  pigeons,  because 
this  bird  feeds  less  upon  grain,  and  derives  a  considerable  portion  of 
its  nourishment  from  the  grass  which  it  crops^  when  allowed  to  go  at 
liberty  over  the  fields.  Its  known  injurious  effects  upon  the  grass 
upon  which  it  falls  arise  from  its  being  in  too  concentrated  a  state* 
In  moist  weather,  or  where  rain  soon  succeeds,  it  does  no  injury,  and 
even  when  in  dry  weather  it  kills  the  blades  on  which  it  drops,  It 
brings  up  the  succeeding  shoots  with  increased  luxuriance. 

4°.  Rooks'*  dung  unites  with  the  leaves  of  the  trees  among  which 
they  live,  in  enrichiag  the  pasture  beneath  them.  In  oJd  rookeries  the 
■oil  is  obiMrved  alio  to  be  slowly  elevated  above  the  surrounding  ladd. 
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This  surface  soil  I  have  (bund  to  be  especially  rich  in  phositote  of  lime, 
which  has  gradualhr  accumulated  and  remained  in  it  while  the  vola^e 
and  soluble  parts  orthe  droppings  ofthe  birds  have  slowly  disappeared. 
5^.  Guano  is  the  name  given  to  the  accumulated  dung  chiefly  of 
sea  birds,  which  is  found  upon  the  rocky  promontories,  and  on  the  isl- 
ands that  skirt  the  coast  of  Sobth  Amenca,  from  the  13th  to  the  2l8t 
degree  of  south  latitude.  In  that  part  of  America,  the  climate  being 
very  dry,  the  droppings  ofthe  birds  have  decomposed  with  exceeding 
slowness,  and  upon  ^me  spots  have  continued  to  accumulate  for  many 
centuries,  forming  lavers,  more  or  less  extensive,  of  10,  20,  and  at  cer- 
tain places  it  is  said  even  60  (?)  feet  in  tliickness.  In  some  places 
the  more  ancient  of  these  deposites  are  covered  bv  lavers  of  drift 
sand,  which  tend  further  to  preserve  them  from  decay.  In  our  moist 
climate  the  dung  of  the  sea  fowl  is  readily  washed  away  bv  the  rains, 
80  that  even  where  sea  birds  most  abound  no  considerable  qucintity 
of  ^ano  c£m  ever  be  expected  to  collect 

The  solid  part  of  the  droppincs  of  birds  in  seneral,  when  recent,  con- 
sists chiefly  of  uric  acid,  with  a  Tittle  urate  ofammonia,  and  a  variable 
Ser-centagc  of  phosphate  of  lime  and  other  saline  compounds.  The 
quid  part,^like  the  urine  of  other  animals,  contains  much  urea,  with 
4ome  phosphates,  sulphates,  and  chlorides.  The  uric  acid  and  urea, 
however,  gradually  undergo  decomposition,  and  are  changed  into  car- 
bonate and  other  salts  of  ammonia.  If  applied  to  the  land  when  this 
stage  of  decomposition  is  attained,  they  form  an  active,  powerful,  and 
immediately  operating  manure ;  but  if  allowed  to  remam  exposed  to 
the  air  for  a  lengthened  period  of  time,  the  salts  of  ammonia  gradually 
volatilize,  and  the  efficacy  of  what  remains  becomes  greaUy  dimin- 
ished. Hence,  the  guano  which  is  imported  into  this  country  is  very 
variable  in  quality,  some  samples  bemg  capable  of  yielding  only  7 
per  cent  of  ammonia,  while  others  are  said  to  give  as  much  as  25 
per  cent  Of  two  portions  taken  by  myself  from  the  same  box,  Uie 
one  contained  8  per  cent  and  the  other  only  1}  per  cent  of  sand, 
while  their  other  constituents  were  as  follows : — 

1°»  percent- 

Water,  salts  of  ammonia, 


and  organic  matter  ex- 
pelled by  a  red  heat 23-5 

Sulphate  of  soda 1*8 

Common  salt,  with  a  little 

phosphate  of  soda* 30*3 

Phosphate  of  lime,  with  a  lit- 
tle phosphate  of  magnesia 
and  carbonate  of  lime ....     44*4 


100 


*  •  percent 

Ammonia 7*0 

Uric  acid. M 

Water  and  carbonic  and  ox- 
alic acids,  ^.,  expelled 

by  a  red  heat 51*5 

Common  salt,  with  a  little 
sulphate  and  phosphate 

of  soda 11*4, 

Phosphate  of  lime,  dbc 29-3 

100 

On  the  other  hand,  Dr.  Ure  gives  the  following  as  the  average  re- 
sult of  his  analyses  of  genuine  guano : — 

percent 
Org[anic  matter  containing  nitroffen,  including  urate  ofammo- 
nia, and  capable  of  affording  nrom  8  to  17  per  cent  of  am- 
monia by  mow  deooropodtioQ  in  the  soil 50 

Water 11 
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Phoflphate  of  lime 

Ammonia,  phosphate  of  magnesia,  phosphate  of  ammonia^  &  ox- 
alate of  ammonia,  containing  from  4  to  9  per  cent  of  ammonia.      13 
Siliceous  matter  from  the  crops  of  the  hinls '       1 

100* 
Others  have  found  sand  in  mvich  larger  proportion  than  was  pre- 
sent in  the  samples  examined  by  myself— while  it  may,  I  think,  be 
taken  for  granted  that  very  little  of  what  comes  to  this  country  is  so 
rich  in  soluble  matter,  containing  ammonia  or  its  elements,  as  is  re- 
presented by  the  analyses  of  Dr.  Ure.t 

Variable  as  its  composition  is,  ho wevei^  there  is  now  no  doubt  that' 
any  of  the  samples  yet  brought  into  the  English  market  may  be  ad- 
vantageously applied  as  a  manure  to  almost  any  crop.  From  the 
most  remote  penod  guano  has  been  the  chief  manure  applied  to  the 
land  on  the  parched  shores  of  Peru^and  at  the  present  day  it  is  not 
only  employed  for  the  same  purpose  in  the  provinces  which  lie  along 
the  coast,  but  it  is  also  carriea  across  the  desert  of  Atacama  many 
leagues  inland,  '^  on  the  backs  of  mules  over  rough  mountain  paths, 
and  at  a  ffreat  expense,  for  the  use  of  tfie  agricultural  difitricts  of 
Peru  and  Bolivia"  (Silliraan*s  Journal,  xliv.,  p.  10.)  It  has  been 
estimated  that  a  hunared  thousand  quintals  (the  quintal  is  equal  to 
101 5  lbs.  avoirdupois)  are,  at  the  present  day,  annually  sold  in  Peru. 
There  also  the  quantity  and  the  price  vary — the  recent  wliite  guano 
selling  usually  at  38.  6d.,  the  more  recent  red  and  grey  varieties  at 
2b.  3<L  per  cwt  ( WinterfeldL)^  In  this  country,  the  latter— the  only 
variety  yet  imported— sells  at  present  (1843)  at  about  10s.  a  cwL 

In  regard  to  the  effects  of  guano  upon  various  crops,  many  import- 
ant experimental  results,  obtained  in  1842,  will  be  found  in  the  Ap- 
pendix. I  here  insert  a  few  of  the  more  important  of  tliese,  along 
with  some  others  made  in  the  more  southern  counties,  which  appear 
to  be  highly  deserving  of  consideration. 

Swedish  Turnips, 

Produce  pef  acre. 

Top^lraMMl  with  tons,    cwt  VocaXtty. 

'°-5r;^.'':^.i   ^  'i  »(Barochan,nearPai«ley. 

20.  Farm-yard  dung.20   tons.  16  18) 

Guano§ 2\  cwt  17      4  VPariahofWFaxBl,Soni«rwl. 

Bones. 32  bush.  15  17  ) 

'  By  way  of  e«mfMriw>f).  I  taiMrt  h«re  the  approzlmete  eoBipoeMop  of  the  eDDd  pert  of 
tUe  tocraaeats  of  four  different  wieciee  of  earle,  m  deceraiined  bj  Coiodet  >— 

Ameriean  Americeo  Orend  Deke 

Senetfa)  Eagle.    Banting  Cagle.    Vlahing  fiagla       of  Vfrrfnie. 

UHeaeid.^ .8079  90-87  8!«5  88-71 

Ammonia 785  8f7  9  20  R-S6 

Phoaphate  of  Itme 236  076  016  2-74 

100  100  100  100  (a) 

(O)  Omelln  Bandbtneh  dor  Chemie,  It,  p.  1466l 

t  The  preaence  of  ammonia  in  guano  fa  readily  aeeertalned  by  mlxtng  ft  nith  a  little 
riaked  lUne— when  the  odour  of  ammonia  will  be  immediately  pereelted,  and  will  be 
iCrong  In  proportkm  to  the  qnaottty  cootalaed  In  the  gqane. 

t  Por  fhrther  peiticohura  regarding  guiMjbe  reader  it  refened  to  a  paper  in  the  Mmrmai 

.  flflMdwlitil«wi.oriBbMBOal| 
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Yellow  7\amip8, 

Prodace  per  acre, 
tont.    cwt. 
CWt      32       2) 

cwt     24    11  >  Barochan,  near  Pauley, 
bush.  17      2) 

PataioeB. 


Top-draaMd  with 

Gmanot 5 

Rapenlust 15 

,       Bone-dust 30 

1®.  Guano 3 

Rape-dust 1 

2«.  Guano '..  4 

Rape-dust 1 

Bone-dust 45 

30.  Guano 4 

Rape-dust 1 

Bone-dust 45 

As  a  top-dressing  to  the  young  potatoe  crop  at  Erskine,  in  1842^  one 
cwt  of  guano  per  acre  poduced  no  important  increase.    This  might, 

however,  be  owing  to  the  extreme  drvn* '  *' '^ ^■*- 

No.  IX.) 

Wkeat. 


cwt 

18 

9 

ton. 

12 

6 

cwt 

14 

6 

ton. 

10 

0 

bush. 

9 

15 

cwt 

13 

14 

ton. 

13 

0 

bush. 

13 

14 

Barochan.  In  all  these  cases 
the  manures  were  put  in 
o^one  with  the  potatoe  cut- 
tings, no  other  manure  be- 
ing afterwards  added. 


3  of  the  season  (Appendix, 


Produce  per  acre. 

Top-dreaMd  with  hash.    ItM. 

P.  Guano 1    cwt  48 

Rape-dust 16   cwt  51 

Undressed 471 

2*'.  Guano 3   cwt  30    40 

Undressed 24    56' 

3».  Guano 2   cwt.  32    20  ; 

Undressed! 31    31 


Loealtty. 

0}  Lennox  Love,  near  Had* 

0  >     dinffton — 

0  )  drought  very  great 

Barochan. 
Gadgirth,  near  Ayr. 


4<*.  Guano 1    cwt 

Nitrate  of  Soda.  .1  cwt 
Undressed 

60.  Guano \\  cwt 

Nitrate  of  Soda..  \\  cwt 
Undressed 

Guano 8   cwt 

Undressed 


15) 
0  >  Seisdon,  Worce8ter8hire.§ 


46  15' 

51  18  >  Erskine,  Renfrewihire.1 

44      '  ' 

45 

41 

39      0) 

Barley. 

^    jgJBarochan. 
Oats. 


10.  Guano 2  cwt     70     0  )  Lennox   Love,  near  Had* 

Undressed 52      0  i     dington. 

go.  Guano 1   cwt     48    161 

Nitrate  of  Soda..  1   cwt     50      0  >  Erskine,  Renfrewshire. 

Undressed 49      0) 

t  Mind  with  SO  boahele  of  wood-ashei. 

I  The  aodreeeed  frain  was  of  sDpfiilor  quallfrt  yieUtai  f9\  per  e«Bt  of  Aim  flour,  whilt 

<faat  dreeaed  with  goano  gave  only  d8|  per  cent 

I  The  grmla  dreaeed  wfth  guano  weighed  half  a  pound  per  boahel  leaa  than  (he  oUiera.  ( 

f  Tbe  gnano  gaTO  4  e  wt  more  etraw  tlnn  the  nttnte,  and  11  ewL  more  than  the  undreaaed. 

The  oiidieeMdgraia  also  weighed  half  ft  pound  Ian  per  buihil  thiaslther  of  Che  other  two. 
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Beans, 
Pzodaea  p«r  aert. 
Tpp'dreMfd  with  bi»h.  Loealttjr. 

Guano 2   cwt     33^  ^ 

Rape^ust 16   cwt     35    (Lennox  Love,  near 

Nitrate  of  soda. .  1    cwt     33    \     Haddington. 

Undressed 20jJ 

Hay. 

toiu.  cwt. 

10.  Guano Ih  cwt       1    18  J 

Nitrate  of  Soda. .  1^^  cwt       2    10  >  Barochan,  near  Paisley. 

Undressed 1      8) 

fto.  Guano li  cwt.       2      2) 

Nitrateof  Soda. .  1|  cwt       1    17  vErskine,  Renfrewshire. 

Undressed 1    10  ) 

An  inspection  of  the  above  results  appears  to  indicate  that  ffuano 
is  more  umforndy  successful  with  root  crops,  than  when  applied  as  a 
top-dressing  to  corn  and  grass.  The  unusual  drought  wiiich  pre- 
vailed  in  1842  no  doubt  materially  diminished  its  acuon,  when  used 
as  a  top-dressinff — and  the  results  upon  the  com  crops  in  a  more  moist 
season  mav  probably  prove  more  gener^y  favorable  to  its  use  as  an 
economical  manure. 

Some  experiments  seem  already  to  indicate  that  the  favorable  in- 
fluence of  guano  does  not  cease  with  the  first  season.  If  the  phos- 
phate of  lime  which  they  contain  operates  in  any  way  in  prolonging 
the  fertilizing  operation  of  bones,  the  large,  though  variable,  quanti- 
ty of  this  phosphate  contained  in  suano  should  render  this  latter 
substemce  also  capable  of  permanenOv  improving  the  soil. 

By  exposure  to  the  air,  guano  gradually  gives  off  a  portion  of  its 
volatile  constituents ;  it  ought,  therefore,  to  be  kept  in  covered  ves- 
sels or  casks.  It  also  in  our  climate  absorbs  moisture  ^rom  die  air, 
and  therefore  should  be  purchased  as  soon  as  possible  af\er  importa- 
tion. When  applied  as  a  top-dressing  it  may  oe  conveniently  mixed 
with  an  equal  weight  of  gypsum  or  wood  ashes — with  charcoal  pow- 
der, or  with  fine  dry  soil. 

§  10.  Cf  liquid  aniTnal  manures — the  urine  of  many  of  the  cow, 

the  horse,  the  sheep,  and  the  pig. 
The  following  table  exhibits  the  average  proportions  of  water,  and 
of  the  solid  organic  and  inorganic  matters  contained  in  the  urine  of 
man  and  some  other  animals  in  their  healthy  state — ^and  the  average 
qolmtity  voided  by  each  in  a  day : — 

Water.  Solid  matter  In  1000  parti.  Avenm  qan- 

Urlae  in  . * »        Uty  voided  in 

of  a        lOOO  parts.     Onatlc.       Inonranlc       Total.        dllKmra. 

Man 969*  23-4  7-6  81     3  lbs. 

Horse.. .940  27  33  60     3  « 

Cow  . . .  .930  50  20  70  -40t  « 

Pig 926  66  18  74     ? 

Sheep...  960  28  12  40     ? 

*  Alfred  BeoquereL  See  ThoBMoo'e  ibrfiiMi  ObamiHry,  p.  477.  IilalobeobnwedflMl 
Qke  pioportioM  of  water  and  of  eoUd  matter  la  urine  varjr  wftli  the  food,  and  wllh  a| 

— '^Off* 


t  A  ««*  eow  velda  leaa  then  thie  m  t  praport^  whtoh  ?triet  vttli  tbs  vanOly  or  I 
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Of  natural  liquid  manures,  the  most  important  and  valuable,  though 
tbe  most  neglected  and  the  most  wasted  also,  consists  of  the  urine  of 
man  and  of  tiie  animals  he  has  domesticated. 

The  efficacy  of  urine  as  a  manure  depend  upon  the  quantity  of 
solid  matter  which  it  holds  in  solution,  upon  the  nature  of  this  eoUd* 
matter,  and  especially  upon  the  rapid  changes  which  the  organic 
part  or  it  is  known  to  undergo. 

The  numbers  in  tfie  above  table  show  that  the  urine  of  the  cow, 
estimated  by  the  quantity  of  solid  matter  it  contains,  is  more  valu- 
able than  that  of  any  other  of  our  domestic  animals,  with  the  excep- 
tion of  the  pig.  But  the  quantity  voided  by  the  cow  must  be  so 
much  greater  than  by  the  pig,  that  in  annual  value  the  urine  of  one 
cow  most  gi^eatly  exceed  that  of  many  pifls. 

It  might  be  supposed  at  first  that  in  all  animals  the  quantity  of 
urine  voided  wotud  have  a  close  connection  with  the  uuantity  of  water 
which  each  was  in  the  habit  of  drinking^  But  this  is  oy  no  means  the 
case.  Thus  it  is  the  result  of  experiment  that  in  man  the  drink  ex- 
ceeds the  urine  voided  by  abmd  xme4etuUt  part  onZy— while  ^ 

Of  watM-  tn  91  boatv.  Of  arine  tn  24  hoon. 

A  horse,  which  drank       35  lbs.        gttve  only       3  lbs. 
A  cow,  which  drank      132  lbs.        gave  18  lbs.,  and 

19  lbs.  of  milk  (Boussmgault). 
How  very  large  a  quantity  of  the  liquid  they  drink  must  escape 
from  the  horse  and  the  cow  in  the  form  of  insensible  perspiration! 
That  this  should  he  very  much  greater  indeed  than  in  man,  we  are 
prepared  to  expect  from  the  greater  extent  of  surface  which  the  bo- 
dies of  these  animals  present 

Let  us  now  examine  more  closely  the  composition  of  urine,  the 
changes  which  by  decomposition  it  readily  undergoes,  and  the  effect 
of  these  changes  upon  its  value  as  a  manure. 

1°.  Human  urine The  exact  composition  of  the  urine  of  a  healthy 

individual  in  its  usual  state  was  found  by  Berzelitis  to  be  as  follows  ^-^ 


Water 9330 


Urea       

30-1 

Uric  acid 

1-0 

Free  lactic  acid,  lactate  of 

ammonia,    and   animal 

matter  not  separable... 

17-1 

Mncus  of  the  bladder 

0-3 

Sulphate  of  potash 

3-7 

Sulphate  of  soda 

3-2 

Phosphate  of  soda 2^9 

Phosphate  of  anmionia 1*6 

Common  salt 4*5 

Sal-ammoniac 1*5 

phosphates  oflime  and  mag^ 
nesia,  with  a  trace  of  silica 

and  of  fluoride  of  calcium,  1*1 


1000 
Prom  what  I  have  already  had  occasion  to  state  in  regard  to  the  ac- 
tion upon  living  plants^of  the  several  sulphates,  phosphates,  and  other 
saline  compounds^  mentioned  in  the  above  analysis,  you  will  see  that 
the  fertilizing  action  of  urine  would  be  considerable,  did  it  contain  no 
other  solid  constituents.  But  it  is  to  the  urea  which  exists  in  it  in  very 
much  larger  quantity  than  any  other  substance,  that  its  immediate 
and  maiked  action  in  promoting  vegetation  is  chiefl^r  to  be  ascribed. 
This  urea,  which  is  a  white  eatt-like  substance,  consists  of— 
tbe  glTM.    BooMlDgMiU  foand  •  ailk  eow  to-  yfoW  <kB/ 18  Iba  sf  vHm.  ani  Mlba  sC 
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Carbon 20*0  per  cent  I  Nitrogen 46-7  par  oat 

Hydrogen 6-6       «         |  Oxygen 26-7       « 

It  is,  therefore,  far  richer  in  nitrogen  than  flesh,  bloodj  or  any  of 
those  other  richly  fertilizing  substances,  of  which  the  main  efficacy  is 
supposed  to  depend  upon  the  larffe  proportion  of  nitrogen  they  contain. 

But  urea  possesses  this  furuer  remarkable  jHx^^erty,  that  when 
urine  begins  to  ferment, — as  it  is  known  to  do  in  a  few  cfays  ailer  it  is 
▼oided — ^it  changes  entirely  into  carbonate  of  ammonia.*  Of  the  am- 
monia thus  formed  a  portion  soon  begins  to  escape  into  the  air,  and 
hence  the  strong  ammoniacol  odour  of  fermenting  urine.  This  escape 
of  ammonia  continues  Ibr  a  lonf  period,  the  liquid  becoming  weaker 
and  weaker,  and  consequently  fess  valuable  as  a  manure  every  day 
that  passes.  Elzperience  has  shown  that  recent  urine  exercises  in  gen- 
eral an  unfavorable  action  upon  growing  plants,  and  that  it  act* 
most  beneficially  after  fermentation  has  freefy  begun,  but  the  longer 
time  we  suffer  to  elapse  after  it  has  readied  the  ripe  state,  the  great- 
er the  quantity  of  valuable  manure  we  pennit  to  go  to  waste. 

2^.  The  unne  of  the  cow  has  been  analysed  in  several  states  by 
Bprengel,  with  the  following  results  in  1000  parts  : — 

Allowed  to  fenoMt  for  fbor  ireeki 
in  the  opw  air. 


Water 926-2 

Urea 400 

Mucus 2*0 

Hippuric  and  lactic  acids. . «  &! 

Car[>onic  acid 2-t 

Ammonia 2*1 

Potash 6-6 

Soda 5^ 

Sulphuric  acid 4*0 

Phosphoric  acid 0-7 

Chlorine 2*7 

Lime 06 

Magnesia (H 

Alumina,  oxide  of  iron,  and 

oxide  of  manganese 0-1 

Silica 0-4 


A. 

& 

054-4 

934-8 

10-0 

6-0 

0-4 

0-3 

7-6 

6-2 

1-7 

15-3 

4-d 

16-2 

6-6 

M 

5-5 

5-6 

3-9 

3-3 

0-3 

1-5 

2-7 

27 

trace 

trace 

0-3 

04 

trace 

,, 

0.1 

O-l 

1000  998-2  999<>t 

The  first  variety  of  fermented  urine  (A.),  had  stood  four  weeks  io 
the  air  in  its  natural  state  of  dilution ;  the  second  (B.),  had  been  mix- 
ed while  recent  with  an  equal  bulk  of  water— which  is  again  deducted 


ftttha  MB«  CtmaortwoatoiiworaMwMwrl* 

^*^''  '-lOi;  twoorwiiiw^2HO: 

taHMMr-— 


*  This  lakM  plaea  by  the  dacompoaitloii  at  the  mb«  tfma  of 
wbleh  U  If  dlMolTod.  Urn  aram  b  raprsMotod  by  Ct  H4  Na  Oi 
•adearbooBtoorMMMSIabyllHi-l-COa;  and  dn  change  it « 

aof  2of 

Urea.    '     Water.  Ckitonaia  of  Amnonia. 
Cl B4  NiOl-|-9HOss8(N  Hs  +  C  Os) 
t  The  aBMB  qoortity  aeeaaaarr  to  BUik«  op  the  IfX»  paitt  hi  the  two  fatter  anal^ 
•fatedoradepQattoreaibonateandpboapbateof  Ume  and  other  earthj  iMtan  wbkk 
Kad  gTMlBaliy  been  fbrmed,  and  of  a  tnoe  of  TloMar  aad  of  aalphimctea  hjdrosDn,    Has 
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ftom  it  in  the  analjrsis— with  the  yiew  of  ascertaimng  how  fkr  soch 
an  admixture  would  tend  to  retain  the  volatile  ammonia  produced  bj 
the  natural  decompontion  of  the  urea. 

An  inspection  or  these  tables  shows  three  facts  of  importance  to 
the  agriculturist — 

1°,  That  the  quantity  of  urea  in  the  urine  of  the  cow  is  considerably 
greater  than  in  that  of  man ;  2^.  That  as  the  urine  ferments^  the  quan- 
tity of  urea  diminisbes,  while  that  of  ammonia  increases — owing,  as  I 
have  already  staled,  to  the  gradual  decomposition  of  the  urea  Bxid  its 
conversion  into  carbonate  of  ammonia;  and  3^.  That  by  dilution  with 
an  equal  bulk  of  water  the  loss  of  this  carbonate  of  ammonia,  which 
would  otherwise  naturally  take  place,  is  in  a  considerable  degree  pre- 
vented. The  quantity  of  ammonia  retained  by  the  wrvne^  after  aihh 
fton,  trotf  in  the  same  circumetancea  nearly  three  tirnea  as  great  at  iDhen 
it  v>a8  allowed  to  ferment  in  the  state  in  which  it  came  from  the  cow. 

But  even  by  this  dilution  the  whole  of  the  ammonia  is  not  saved. 
One  hundred  parts  of  urea  form  by  their  decomposition  56^  parts  of 
ammonia,  and  as  36  parts  of  the  urea  in  the  urine  B.  had  disappear- 
ed, there  ought  to  have  been  in  its  stead  19  parts  of  ammonia  in  ad- 
dition to  that  which  the  urine  contained  in  its  recent  state,  or  21  parts 
in  all — ^whereas  the  table  shows  it  to  have  contained  only  16  parts. 
Even  when  diluted  with  its  own  bulk  of  water,  therefore,  the  urine 
had  lost  by  fermentation  in  the  open  air  upwards  of  one-fourth  of 
the  ammonia  produced  in  it  during  that  period.  This  shows  the  ne- 
cessity of  causing  our  liquid  manures  to  ferment  in  covered  cistems. 
or  of  adopting  some  other  means  by  which  the  above  serious  loss  or 
the  most  valuable  constituents  may  be  prevented. 

3^.  The  urine  of  the  horse,  sheep,  and  pig,  have  not  been  so  care- 
fully analysed  as  that  of  the  cow.  They  consist  essentially  of  the 
flame  constituents,  and  the  specimens  which  have  been  examined 
were  found  to  contain  the  three  most  important  of  these  in  the  follow- 
ing proportions : 

Hone.  Sheep.  Pig. 

Water 940  960  926 

Urea..... 71  28  66 

Saline  substances.  .53  12  18 

1000  1000  1000 

Some  of  the  saline  substances  present  in  the  urine,  as  above  stated, 
contain  nitrogen.  This  is  especially  the  ease  in  the  urine  of  thehorae, 
80  that  the  quantity  of  urea  above  given  is  not  to  be  considered  as  re- 
presenting the  true  ammonia-producing  power  of  the  urine  of  this  ani- 
maL  The  urine  of  the  pig,  if  the  above  analysis  is  to  be  relied  upon  as 
any  thing  like  an  average  result,  is  capable  of  producing  more  ammonia 
from  the  same  quantity  than  diat  of  any  other  of  our  domestic  animals. 

§  11.  Of  the  waste  of  liquid  manure — qfurate,  and  qfstdphated  ttrine. 
1°.  Waste  of  human  urine. — The  quantity  of  solid  matter  contain- 
ed in  the  recent  urine  voided  in  a  year  by  a  man,  a  horse,  and  a  cow, 
and  the  weight  of  ammonia  they  are  respectiyely  capable  of  yielding^ 
may  be  represented  as  follows; 


4M  INUn^  AHO  8VMPMT»P  UliJCp. 

Qnantlfvorarliit.    Solid  mtttn  CMtrioiiv  of  am.  And  ylaMMy  <f  Wi»Biilfc 
Man        1000  lbs.         671b&  30Ib8»  17  lbs. 

Horse      1000    «  60    «  ?  ^ 

Cow      13000   «  900   «  400    «  230»  « 

How  much  of  all  this  enriching  matter  is  permitted  to  run  to  waste  ? 
The  solid  substances  contained  in  urine,  if  all  added  to  the  land,  would 
be  more  fertilizing  than  guano,  which  now  sells  at  £10  a  ton.  If  we 
estimate  the  urine  of  each  individual  on  an  average  at  oahf  600  Ibs^ 
then  there  are  carried  into  the  common  sewers  of  a  city  or  15,000  in- 
habitants, a  yearly  weight  of  600,000  pounds,  or  270  tons^  of  manure, 
which,  at  the  present  price  of  guano,  is  worth  £2700, — ^which  would  no 
doubt  prove  more  fertilizing  than  its  own  weight  of  guano,  and  might  be 
expected  to  raise  an  increased  produce  of  not  ^ss  than  1000  qrs.  ofgrain. 

The  saving  of  all  this  manure  would  be  a  great  national  benefit, 
tiiough  it  is  not  easy  to  see  by  what  means  it  could  be  efleetually  ao- 
eompnshed.  What  is  thus  carried  off  by  the  sewers  and  convey^ 
ultimately  to  the  si^a,  is  drawn  from  and  lost  by  the  land,  which  must, 
therefore,  to  a  certain  extent  be  impoverished.  Can  we  believe  that 
in  the  form  of  fish,  of  sea  tangle,  or  of  spray,  the  sea  ever  delivers 
back  a  tithe  of  the  enriching  matter  it  daily  receives  from  the  land  ? 

2^.  Urate, — In  order  to  prevent  a  portion  of  this  waste,  the  practice 
has  been  introduced  into  some  large  cities  of  collecting  the  urine,  add- 
ing to  it  oncHseventh  of  its  weight  of  powdered  gypsum,  allowing 
the  whole  to  stand  for  some  days,  pouring  off  the  uquid  and  drying 
the  powder.  Under  the  name  of  tireUe  this  dry  powder  has  been  high- 
ly extolled,  but  it  can  contain  only  a  smaU  portion  of  what  is  really 
valuable  in  urine.  The  liquid  portion  poured  ofi*  must  contain  moet 
of  the  soluble  ammoniacal  and  other  salts,  and  even  were  the  whole 
evaporated  to  dryness,  the  gypsum  does  not  act  so  rapidly  in  fixinsr 
the  ammonia  as  to  prevent  a  considerable  escape  of  this  compouna 
as  the  fermentation  of  the  urine  proceeds. 

2P,  Stdphated  urine — A  method  of  more  apparent  promise  is  that 
now  practised  by  the  Messrs.  Tumbull  of  Glasgow,  of  adding  dihited 
sulphuric  acid  to  the  urine  as  the  ammonia  is  formed  in  it  and  subse- 
quently evaporating  the  whole  to  aryness.  From  the  use  of  this  sub- 
stance very  favorable  resuhs  may  be  anticipated.!  Still  none  of  these 
preparations  will  ever  equal  the  urine  itsea^  part  of  the  efficacy  of 
which  depends  upon  the  perfect  state  of  solution  in  which  all  the  sub- 
stances it  contains  exist,  and  upon  the  readiness  with  which  in  this 
state  they  make  their  way  into  the  roots  of  plants. 

4°.  Lo88  ofcow^s  urine. — When  left  to  ferment  for  five  or  six  weeks 
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MnaMer  propoitlon  of  uiise  Toidad,  rhan  la  fiveo  In  the  test    It  \n  renarkaMe,  however, 
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aione,  and  with  the  addition  of  an  equal  bulk  of  water,  the  urine  of 
the  cow  loses,  as  we  have  seen,  a  considerable  proportion  of  volatile 
matter,  and  in  these  several  states  will  yield  in  a  year — 

Sulid  DiRtter.       YieldiDff  of  ammooli. 

Recent  urine 900  lbs.  226  Iba. 

Mixed  with  water,  after  6  weeks. ,  850    «  200    « 

Unmixed,  after  6  weeks 550    «  30   « 

Those  who  scrupulously  collect  in  tanks  and  preserve  the  liauid  ma- 
nure of  their  stables,  cow-houses,  and  fold-yards,  will  see,  from  the 
great  loss  which  it  undergoes  by  natural  fermentation,  the  propriety 
of  occasionally  washing  out  their  cow-houses  with  water,  and,  by  thua 
diluting  the  liquid  of  their  tanks^  of  preserving  the  immed.iately 
operating  constituents  of  their  liquid  manure  from  escaping  into  the 
air.  Even  when  thus  diluted  it  is  desirable  to  convey  it  on  to  the 
land  without  much  loss  of  time,  since  even  in  this  state  were  is  a  con** 
stant  slow  escape,  by  which  its  value  is  daily  diminished.  Gvpsumi 
sulphate  of  iron,  and  sulphuric  acid,  are,  by  some,  added  for  the  pur- 
pose o^  fixing  the  ammonia,  but  in  addition  to  diluting  it,  an  admix- 
ture of  rich  vegetable  soil,  and  especially  of  peat,  will  be  much  more 
economical,  and— except  in  so  far  as  the  gypsum  or  sulphuric  acid 
themselves  act  as  manures — nearly  as  effectual. 

But  these  remarks  apply  only  to  the  liquid  manure  when  collected. 
How  much  larger  a  waste  is  incurred  by  those  who  make  no  effort  to 
collect  the  urine  of  their  cow-houses  or  stables  !  The  recent  urine  of 
one  cow  is  valued  in  Flanders — where  liquid  manures  are  highly  es- 
teemed— at  40s.  a  year.  It  contains  on  an  average,  as  we  have  seen, 
900  lbs.  of  solid  matter,  and  this  estimated  at  the  price  of  guano  only, 
is  worth  at  present  £A  sterling.  Multiply  this  by  8  millions,  the  num- 
ber of  cattle  said  to  exist  in  the  United  Kingdom,  and  we  have  32  mil- 
lions of  pounds  sterling,  as  the  value  of  the  urine,  supposing  it  to  be 
worth  no  more  than  the  foreign  guano.  It  is  impossible  to  estimate 
how  much  of  this  runs  to  waste,  but  1-lOth  of  it  will  amount  to  nearly 
as  much  as  the  whole  income-tax  recently  laid  upon  the  country.  The 
practical  farmer  who  uses  every  effort  to  collectand  preserve  the  ma- 
nure which  nature  puts  within  his  reach,  is  deserving  of  praise  when 
he  expends  his  money  in  the  purchase  of  manures  brought  from  a  dis- 
tance, of  whatever  kind  they  may  be ;  but  he,  on  the  other  hand,  is 
only  open  to  censure  who  puts  forward  the  purchase  of  foreign  ma- 
nures as  an  excuse  for  the  neglect  of  those  which  are  running  to 
waste  around  him.  Let  every  stock  farmer,  with  the  help  ofthe 
facts  above  stated,  make  a  fair  calculation  of  what  is  lost  to  himself 
and  to  the  country  by  the  hitherto  unheeded  waste  of  the  urine  of 
his  cattle,  and  he  will  be  able  clearly  to  appreciate  the  importance  of 
taking  some  steps  for  preserving  it  in  future. 

■olt  obtained  by  Bprengal  The  milk  did  not  coitfain  nitrogen  raiRrient  to  vleld  more  Iham 
46  Ibe.  of  ammnnia,  and  (hie,  added  to  the  36  lbs.  makes  only  80  iba.  In  all— whereat 
Sprencel  giv#s  830  lbs.  aa  (he  quantity  which  recent  urine  ia  cafiable  of  yieldinr.  Tlila  r** 
biarknble  rliffUrenc<^  mutt  be  asertbed  either  to  an  actual  loaa  of  Tolatlle  nraUer  oy  the  urin* 
aaalyaed  by  Bouasiatault,  or— which  li  more  probftble-4o  a  differeoca  la  tha  qnali^  of  thS 
SooA  on  which  ttie  two  aoimala  were  fed. 

*The  Measrp.  TambiiU  inform  me  (hat  with  thii  miphated  urines  'under  the  ineorrael 
name  of  nilvhau  ofcammanioy  rhe  ezperimenta  of  Mr.  Bnmpt  were  made  (p.  368),  as  W^ 
M  OioM  of  Mr.  Fleming  and  Mr.  Alesaoder,  detaUed  In  the  Appendix. 
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{ 12.  Of  solid  animal  manures — nigfu  soily  the  dung  of  the  cow,  the 
horsey  the  sheep,  and  the  pig. 

1®.  Night  soil  is  in  general  an  exceedingly  rich  and  valuable  ma- 
nure, but  its  disagrees^le  odour  has  in  most  countries  rendered  its 
use  unpopular  among  practical  men.  This  unpleasant  smell  may  be 
in  a  great  measure  removed  by  mixing  it  with  powdered  charcoal  or 
with  half-charred  peat, — a  method  which  is  adopted  in  the  manufac- 
ture of  certain  artificial  manures.  €luick-Ume  is  in  some  places  em- 
ployed for  the  same  purpose^  but  though  the  smell  is  thus  got  rid  p^ 
a  large  portion  of  the  volatile  ammonia  produced  during  the  decom- 
position of  the  manure  is  at  the  same  time  driven  off  by  the  lime. 

In  general,  night  soil  contains  about  three-fourths  of  its  weight  of 
water,  and  when  exposed  to  the  air  undergoes  a  very  rapid  decompo- 
sition, gives  off  much  volatile  matter — consisting  of  ammonia,  of  car- 
bonic acid,  and  of  sulphuretted  and  phosphuretted  hydrogen  gases — 
and  finally  loses  its  smell.  In  the  neighborhood  of  many  large  cities,  the 
collected  night  soil  is  allowed  thus  naturedly  to  ferment  and  lose  its  smell, 
and  is  then  dried  and  sold  for  manure,  under  the  name  of  ttoudrette. 

But  by  this  fermentation  a  very  large  proportion  of  valuable  matter 
is  permitted  to  escape  into  the  air.  To  retain  this,  gypsum  or  dilate 
sulphuric  acid  may  be  added  to  the  night  soil,  but  the  more  economi- 
cal and  generally  practicable  method  is  to  mix  it  with  earth  rich  in  ve- 
getable matter,  with  partially  dried  peat,  with  saw-dust,  or  with  some 
other  readily  accessible  absorbent  substance.  In  this  way  a  rich  and 
fertilizing  compost  will  be  obtained,  which  will  hav^ little  smell|  and 
yet  will  retain  most  of  the  virtues  of  the  original  manure. 

In  China  the  fresh  ni^ht  soil  is  mixed  up  with  clay  and  formed  into 
cakes,  which  when  dried  are  sold  imder  the  name  of  Taffo,  and  form 
an  extensive  article  of  commerce  in  the  neighborhood  of  the  larger  cities. 

The  composition  of  niffht  soil,  and  consequently  its  value  as  a  ma- 
nure, varies  with  the  foo(^  and  with  many  other  circumstances  (p.  470). 
The  excrements  of  a  healthy  man  were  found  by  Berzelius  to  consist  of: 

Mucilage,  fat,  and  other  ani- 
mal matters 167 

Undecomposed  food 70 

Tooo 


Water 733 

Albumen 9 

Bile 9 

Saline  matter 12 


Of  the  excrement  when  freed  from  water  1000  parts  led  132  of  ash,  vis. 


Carbonate  of  soda 8 

Sulphate  of  soda,  with  a  little 
sulphate  of  potash,  and  phos- 
phate of  soda 8 


Phosphate  of  lime  and  magne- 
sia, and  a  trace  of  gypsum. .  100 

Silica .,  16 

132 


2^.  Cow  dung  forms  by  far  the  largest  proportion  of  the  animal  ma- 
nure which  in  modem  agriculture  is  at  the  disposal  of  the  practical 
farmer.  It  ferments  more  slowly  than  night  soil,  or  than  the  dung  of 
the  horse  and  the  sheep.  In  fermenting  it  does  not  heat  much,  and  it 
gives  off  little  of  an  unpleasant  or  ammoniacal  odour.  Hence  it  acts 
more  slowly,  though  for  a  longer  period,  when  applied  to  the  soil. 

The  slowness  of  the  fermentation  arises  chieny  from  the  smaller 
quantity  of  nitrogen,  or  of  substances  containing  nitrogen,  which  are 
present  in  cow  dung,  but  in  part  also  fron)  the  food  swallowed  by  the 
sow  being  less  perfectly  masticated  than  that  of  manor  of  the  horse.  It 
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is  a  conee(|uence  of  thw  slower  fermentation,  that  the  same  evolution 
of  ammoniacal  vapours  is  not  perceived  from  the  droppings  of  the  cow 
as  from  night  soil  and  from  horse  dung.  Yethy  exposure  to  the  air,  it 
undergoes  a  sensible  loss^  which  in  40  days  has  been  found  to  amount 
to  5  per  cent  or  nearly  one-fifth  of  the  whole  solid  matter  which  re- 
cent cow  dung  contains*  (Gazzeri.)  Although,  therefore,  the  compa- 
ratively slow  fermentation  as  well  as  the  soilness  of  cow  dung  fits  it 
better  for  treading  among  the  straw  in  the  open  farm-yard,  yet  the 
serious  loss  which  it  ultimately  undergoes  will  satisfy  the  economical 
fanner  that  the  more  effectuafiv  he  can  keep  it  covered  up,  or  the 
sooner  he  can  ^rather  his  mixed  dung  and  straw  into  heaps,  the  great- 
er proportion  of  this  valuable  manure  wiU  he  retain  for  the  future  en- 
riching of  his  fields. 

3®.  Horse  dung  is  of  a  warmer  nature  than  that  of  the  cow.  It 
heats  sooner,  and  evolves  much  ammonia,  not  merely  because  it  con- 
tains less  water  than  cow  dung,  but  because  it  is  generally  also  rich- 
er in  ^ose  organic  compounds  of  which  nitrogen  forms  a  constituent 
part.  Even  when  fbd  upon  the  same  food  the  dung  of  the  horse  wfll 
be  richer  than  that  of  the  cow,  because  of  the  greater  proportion  of 
the  food  of  the  latter  which  is  discharged  in  the  large  quantity  of  urine 
it  is  in  the  habit  of  voiding  (p.  470). 

In  the  short  period  of  24  hours,  horse  dung  heats  and  begins  to  suf^ 
fer  loss  by  fermentation.  If  left  in  a  heap  for  two  or  three  weeks,  scarce- 
ly seven-tenths  of  its  original  weifffat  will  remain.  Hence  the  proprie^ 
of  early  removing  it  from  the  stable,  and  of  mixing  it  as  soon  as  possi- 
ble with  some  other  material  by  which  the  volatUe  substances  given 
off  may  be  absorbed  and  arrested.  The  colder  and  wetter  cow  or  pig's 
dung  will  answer  well  fbr  this  purpose,  or  soil  rich  in  vegetable  matter, 
or  peat,  or  saw-dust,  or  powdered  charcoal,  or  anv  other  absorbent  sub- 
stance which  can  readily  be  obtained*— or  if  a  onemical  agent  be  pre- 
ferred, moistened  g3rp8um  may  be  sprinkled  among  it,  or  dilated  sulphu- 
ric acid.  There  is  undoubtedly  great  loss  experienced  from  the  general 
neglect  bf  night  soil,  but  in  most  cases  the  dung  of  the  horse  might  also 
be  rendered  a  source  of  much  greater  profit  them  it  has  hitherto  been. 

The  warmth  of  horse  dung  Its  it  admirably  for  bringinff  other  sub- 
stances into  fermentation,  with  peat  or  saw-dust  it  will  form  a  rich 
eompost,  and  to  soils  which  contain  much  inert  vegetable  matter  it  can 
be  applied  with  great  advantage.  Horse^  and  cow  dung,  in  the  dry 
state,  have  been  subjected  to  ultimate  analysis  by  Boussingaultf, 
(Ann.  de  Chfan.,  Ixv.,  pp.  122, 134,)  with  the  following  results:— 

Dane  of  th«  Hoivs.    Dang  of  a  MUk  Ooik 

Carbon 38*7  42-8 

Hydrogen 5-1  5-2 

Oxygen 37*7  37-7 

Nitrogen 2-2  2-3 

Ashes 16-3  120 

Too"  100 

Watert 300  566 

150"  585*" 

*  Cow  dung  eomlitlftg  ofTB  of  imter  lad  96  of  diy  lond  SMtlsr,  of  which  hitor  6 
tB«e«ni  hoiso  duw  lDrii«  7i  p«r  MM.  of  wirtw  bf  drjisg,  of  cow  dBBf  7B  ptr 

20* 
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The  lyroportion  a^  nitrogen  contained  in  the  two  rvanmeM^necordmg 
to  these  results,  is  so  nearly  alike — being  in  reality  greater  in  the  cow 
dung — that  were  we  to  consider  the  above  numbers  to  represent  the 
average  constitution  of  the  droppings  of  the  horse  and  cow.  we  should 
be  compelled  to  ascribe  the  di£lereace  in  their  qualities  scMely  to  the 
different  states  in  which  the  elements  exist  in  the  two,  and  to  the  pro- 
portions of  water  they  respectively  contain.  But  the  nature  of  the 
food  and  other  circumstances  affect  the  quality  of  these  manures  so 
much  (p.  470^,  that  we  cannot  as  yet  draw  any  general  coodusioa 
from  the  results  obtained  in  one  special  case. 

4°.  Pig^s  dung  is  still  colder  and  less  fermentable  than  that  of  the 
cow.  It  is  characterized  by  an  exceedingly  unpleasant  odour,  which 
when  applied  to  the  land  alone  it  imparts  to  the  crops,  and  eq^ially 
to  tiie  root  crops  which  are  manured  with  it  Even  tobacco,  whea 
manured  with  pig's  dung,  is  said  to  be  so  much  tainted  that  the  leavee 
subsequently  col^cted  are  unfit  for  smc^ing  [Sprengel,  Lekre  vom 
Danger,  p.  38.]  It  is  a  good  manure  for  hemp  and  other  crops  not 
intended  for  food,  but  is  best  employed  in  a  state  of  mixture  with  the 
other  manures  of  the  farm-yard.  * 

5*^.  Skeep*8  dung  is  a  rich  dry  manure,  which  ferments  more  readi- 
ly than  that  of  the  cow.  but  less  so  than  that  of  the  horse.  A  speci- 
men examined  by  Zierl  consisted  of— 

Water 68-0  per  cent 

Animal  and  vegetable  matter 19-3        '* 

Saline  maUer,  or  ash 12-7        « 

100  _ 
The  food  of  the  sheep  is  more  finely  masticated  than  that  of  the  cow, 
and  its  dtmg  contains  a  little  less  water,  and  is  probably  richer  in  nitro- 
gen ;  hence  its  more  rapid  fermentation.  When  crops  are  eaten  off 
Sy  sheep,  their  manure  is  more  evenly  spread  over  the  field,  and  is,  et 
the  same  time,  trodden  in.  When  thus  spread  it  decomposes  more 
«lowly  than  wnen  it  is  collected  into  heaps,  and  the  ammoma  and  other 
useful  products  of  the  decomposition  are  absorbed  in  great  part  by  the 
soil  as  they  are  produced.  Those  soils  in  which  a  considerable  quan- 
tity of  vegetable  matter  is  airoBuly  pesent,  are  said  to  be  most  bene- 
fitted by  sheep's  dung,  because  or  the  readiness  with  which  they  ab- 
sorb the  volatile  matters  it  so  soon  begins  to  give  off 

Sheep's  dung  is  said  to  lengthen  the  straw  of  the  com  crops,  and 
to  produce  a^rain  rich  in  i?luten — ^and  unfit  therefore  for  seed,  for  the 
manufacture  of  starch,  or  for  the  purposes  of  the  brewer  and  the  dis- 
tiller (Sprengel.)  It  may  be  denoted,  however,  whether  these  can  as 
yet  be  safely  considered  as  the  universal  effects  of  sheep's  dung  upon 
every  soil,  and  when  the  animals  are  fed  upon  every  kind  of  f<Md. 

§  13.  Of  the  qtiantity  of  manure  produced  from  the  same  kinds  of 
food  by  the  korse^  €he  cow,  ana  the  sheep. 

The  carefully  conducted  experiments  of  Block  give  the  following 
^  as  the  total  quantities  of  manure,  solid  and  liquid,  produced  from  1€0 
*  lbs.  of  the  different  kinds  of  food  by  the  cow,  the  horse,  andihe  sheep. 
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QoanHty  of  manare  Id  lbs.,  produced  by 

^ * ,  Water  In 

From  100  Ibi.  of                       thhcow.       thsborsb.      tus  ssikrp.  themaoun, 

>                                                      fresh,  dried,    fresh,  dricti.    freali.  dried,  per  cent. 

Rye —    —      212     53       —      —  75 

"Data —    —      204     51        —      —  75 

Rye  and  other  8traws(chopped)  268    43      168     42      117     40  66  to  84 

Hay 275    44      179     43      123-42  do.    do. 

Potatoes  (coBtatnmg  72  per  ct. 

of  water) 87*14      —      —       38      13  do.    do. 

Turnips  (containing  75  per  cent 

of  water) 37*    6       —      —        —      —  84 

Carrots  (87  per  cent  of  water)  37#    6       —      —       —      —  84   ^ 

Green  Clover  (79  per  ct  water)  65i    9i     —      —        —      -^  86   ' 

AfVerddays.  Afli^r  3  weeks.  AflerSweeka. 

Rye  Straw  (used  for  bedding)  23d    96      269     97      206      95  54  to  64 

One  important  theoretical  result  is  presented  in  this  table — thai 
the  manure  voided  by  an  anirnal  contains  very  much  less  solid  maUer 
than  the  food  it  has  consumed.^  We  shall  presently  see  how  this  fact 
is  to  be  explained  (p.  472),  and,  at  the  same  time,  what  light  it  throws 
ttpon  the  quality  of  the  manure  produced. 
The  most  valuable  practical  results  from  the  above  experiments  are— • 

1°.  That  for  100  lbs.  of  dry  fodder  the  horse  or  cow  will  give  on 
an  average  216  lbs.  of  fresh  or  46  lbs.  of  dry  manure — the  sheep  128 
lbs.  moist  or  43  lbs.  dry. 

2°.  That  root  crops,  on  an  average,  give  about  half  their  weight 
of  fresh  or  one-twelhh  of  dry  manure — the  potatoe  giving  more  and 
the  turnip  less. 

3°.  That  green  crops  give  about  half  their  weight  of  fresh  or  one- 
eighth  of  dry  manure. 

§  14.  Of  the  relative  fertUizing  values  of  different  animal  excretions, 
1°.  The  theoretical  value  of  different  animal  excretions  calculated 
solely  from  the  quantity  of  nitrogen  which  the  specimens  examined 
were  found  respectively  to  contain,  is  thus  given  oy  Pay  en  and  Bous- 
singault  The  numbers  opposite  to  each  substance  indicate  the  weights 
of  that  substance  which  ought  to  produce  an  equal  effect  with  100  lbs. 
of  farm-yard  manure  in  the  recent  and  in  the  dry  states  : — 

Eqnal  eflbcts  ought  Co  be  produced  by 

iu  the  dry  state.       artiflclaliy  dried 

Farmyard  dung 100  lbs.  100 lbs. 

Cow 125    "  84   « 

Do.  urine -V    91    «  51    « 

Horse 73"  88" 

Mixed  excrements  of  the— Pig 63    «  68    « 

Horse 54    «  64    « 

Slieep. 36    «  65    « 

Pigeon 5    «  22    « 

Poudrette 10|  "  44    « 

Another  variety    26    «  73    « 

Too  much  reliance  is  not  in  anv  case  to  be  placed  upon  the  princi- 
ple of  classifying  manures  solely  by  the  proportion  of  nitrogen  they 
contain  (pp.  441  &  454) — ^m'udi  less  can  we  depend  upon  the  order  q# 
value  it  assigns  to  substances  the  composition  of  which  is  liable  to 
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constant  change  from  the  eeckpe  of  those  volatile  compounds  in  which 
the  nitrogen  principally  exists. 

2*^.  A  series  of  experiments  made  by  HermbstSdt  upon  the  quantity 
of  grain  of  different  kinds,  raised  in  the  same  circumstances  by  equal 
weights  of  different  manures^  g^ve  the  following  results  : 

Number  of  Matte  reaped  fmm 

Manve  epplioJ.                                           Wheat.  Barley.  0*u.  Rje. 

Ox  blood 14  16  12i  14 

Nightsoil —  13  14}  134 

Sheep's  dung 12  16  14  13 

Human  urine —  13}  13  13 

Horsedung 10  13  14  11 

Pigeon  dung —  10  13  9 

Cow  dung 7  11  16  9 

Vegetable  matter 3  7  13  6 

Unmanured. —  4  5  4 

If  the  results  contained  in  this  table  were  to  be  depended  upon,  it 
would  appear  that,  in  so  far  as  the  quantity  of  the  produce  is  concern- 
ed, these  manures  severally  exercise  a  special  action  upon  certain 
crops — that  nightHsoil,  for  example,  is  most  propitious  to  rye,  cow 
dung  to  oats,  and  sheep's  dung  to  barley  and  wheat.  And  the  latter 
fact  would  seem  at  once  to  justify  and  to  recommend  the  eating  off 
with  sheep  preparatory  to  either  of  the  latter  crops. 

Npne  of  these  kinds  of  manure,  however,  is  constant  in  composition^ 
and  the  following  observations  will  satisfy  you  that  implicit  reliance 
ought  not  to  be  placed  either  upon  the  relative  practical  values  of  the 
ditterent  animal  manures  as  they  appear  in  the  latter  table,  nor  on 
their  theoretical  values  as  exhibited  in  the  former. 

§  15.  Injluence  of  circumstances  on  the  auALiTY  of  animal  manures. 

The  quality  of  the  droppings  of  animals  considered  as  manures  is 
affected  by  a  great  variety  of  circumstances — such  as 

1°.  By  the  kind  of  food  upon  v:hich  the  aniiruU  is  fed. — Thus  night 
iBoil  is  more  valuable  in  those  countries  and  districts  in  which  much 
flesh  meat  is  consumed,  than  w*here  vegetable  food  forms  the  principel 
diet  of  the  people.  It  is  even  said  by  S  prengel,  that  in  the  neighborhood 
of  Hildesheim  the  farmers  give  a  hitrher  price  for  the  house  manure 
of  the  Lutheran  than  for  that  of  the  Roman  Catholic  families,  because 
of  the  numerous  fasts  which  the  latter  are  required  to  observe.  (Lekre 
vom  Danger,  p.  142.)  Svery  keeper  of  stock  also  knows  that  the  ma- 
nure in  his  farm-yard  is  richer  when  he  is  feeding  his  cattle  upon  oU- 
cake,  than  when  he  gives  them  only  the  ordinary  produce  of  his  farm. — 
[12  loads  of  the  dung  of  animals  fed  (while  fattening^  chiefly  upon  oil- 
cake was  found  to  give  a  greater  produce  than  24  loads  from  store  stock 
fed  in  the  straw  yard. — Complete  Grazier,  6th  edit,  p.  103.] 

2°.BytJve  quantity  of  urine  voided  by  the  animal. — Upon  the  unlike 

quantities  of  urine  they  produce  appears  mainly  to  depend  the  unUke 

richness  of  the  dung  of  the  horse  and  of  the  cow.    The  latter  anunal, 

^  when  full  grown  and  not  in  milk,  voids  nearly  13  times  as  much  urine 

*B8  the  former  (p.  460),  and  though  an  equal  bulk  of  this  urine  is  pocH^er 

in  solid  matter,  yet  the  whole  quantity  contains  several  times  as  much 
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fts  is  pesent  in  that  of  the  hon^.    But  if  the  cow  discharges  more  in « 
its  urme  it  must  void  less  in  its  solid  excretions.    Hence,  supposing  the 
food  of  a  full-grown  horse  and  of  a  cow  to  be  ver^  nearly  the  same, 
the  dunff  of  the  former — the  less  urine-giving  ammal — ^must  be  the 
richer,  the  wanner,  and  the  more  valuable — as  it  is  really  known  to  be. 

3^.  By  the  amount  ofexercue  &r  labor  to  which  the  animal  is  ntb- 
jicted, — The  greater  the  fati^e  to  which  an  animal  is  subjected  the 
richer  the  urine  is  found  to  be  in  those  compounds  (urea  chiefly)  which 
yield  ammonia  by  their  decomposition  (rrout).  The  food  of  two 
animals,  therefore,  beinff  the  same — other  thin^  also  being  equal— 
the  solid  excretions  wilTbe  richer  and  more  fertilizing  in  that  which 
is  kept  in  the  stall  or  fold-yard,  the  urine  in  that  which  is  worked  in 
the  open  air  or  pastured  in  the  field. 

4°.  By  the  state  of  growth  to  which  the  animaX  has  ebrived, — A 
full-grown  animal  has  only  to  keep  up  its  weight  and  condition  by  the 
food  it  eats.  Every  thin^  which  is  not  necessary  for  this  purpose, 
therefore,  it  rejects  either  m  its  soUd  or  in  its  liquid  excretions.  A  young 
animal,  on  the  other  hand,  adds  to  and  increases  its  bone  and  muscle 
at  the  expense  of  its  food.  It  rejects^  therefore,  a  smaller  proportion 
of  what  It  eats.  Hence  the  manure  m  fold-yards,  where  young  cattle 
are  kept,  is  always  less  rich  than  where  full-grown  animals  are  fed. 

5°.  By  the  purpose  for  which  the  animal  ts  fed, — Is  it  to  be  im- 
proved in  condition  ?  Then  the  food  must  supply  it  with  the  mate- 
rials for  increasing  the  size  and  strength  of  its  muscles — with  albu- 
men, or  fibrin,  or  other  substances  containing  nitrogen.  In  such  sub- 
stances, therefore,  or  in  nijLrogen  derived  from  them,  the  droppings 
must  be  poorer,  and  as  a  manure,  less  valuable. 

Is  the  animal  to  be  fattened?  Then  its  food  must  supply  fatty  mat- 
ters, or  their  elements,  of  which  nitrogen  forms  no  part  All  the  ni- 
trogen of  the  food,  therefore,  will  pass  off  in  the  excretions,  and  hence 
the  richest  manure  yielded  at  any  time  by  the  same  species  of  ani- 
mial  is  that  which  is  obtained  when  it  is  full-grown,  anc^  being  large- 
ly fed,  is  rapidly  fattening. 

Is  the  cow  kept  for  its  milk  ?  Then  the  milk  it  yields  is  a  daily 
drain  upon  the  food  it  eats.  Whatever  passes  into  the  udder  is  lost 
to  the  dung,  and  hence,  other  things  being  equals  the  dung  of  a  milk 
cow  will  be  less  valuable  to  the  farmer  than  that  of  a  full-grown  ani- 
mal from  which  no  milk  is  expected,  or  than  that  of  the  same  animal 
when  it  is  only  la3ring-on  fat 

6°.  By  the  length  of  tirne  during  which  the  manure  has  been  kept^^ 
In  24  hours,  as  we  have  seen,  the  dung  of  the  horse  begins  to  fer- 
ment and  to  lessen  in  weight  All  rich  manures  in  like  manner — the 
dung  of  all  animals  especially — decompose  more  or  less  re^idly  and 
part  with  their  volatile  constituents.  The  value  we  assign  to  them 
to-day,  therefore,  wiD  not  apply  to  them  to-morrow,  and  hence  the 
droppings  of  the  same  animal  at  the  same  aj^,  and  fed  in  the  same 
way,  will  be  more  or  less  valuable  to  the  farmer  according  to  the 
length  of  time  during  which  they  have  been  permitted  to  ferment 

7^.  Lastly,  By  the  way  in  which  the  manure  has  been  preserved,-^ 
The  mixed  dung  of  the  farm-yard  must  necessarily  be  less  valuable 
where  the  liquid  manure  ii  allowed  to  run  off— or  where  it  is  permitled 
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to  Stand  ia  pools  and  fenneDt  Twenty  cart-loadfi  of  sach  dmiff  may 
'  hasten  the  growth  of  the  turnip  crop  in  a  less  degree  than  hedf  the 
weight  will  do,  where  the  liquid  manure  has  been  carefully  collected 
and  returned  upon  the  heaps — ^to  hasten  and  complete  their  fermenta* 
tion,  and  to  saturate  them  with  enriching  matter. 


Since,  ^then,  the  quality  or  richness  of  the  dung  of  the  same  animal  ii 
liable  to  be  anected  by  so  many  circumstances — ^it  is  obvious  that  no 
accurate  general  conclusions  can  be  drawn  in  regard  to  its  precise 
fertilizing  virtue  when  applied  to  this  or  to  that  crop,  or  to  its  relative 
fertilizing  value  when  compared  with  equal  weights  of  the  dung  of 
other  anunals.  The  results  obtained  in  one  set  of  analyses,  as  in  that 
of  BouBsingault,  or  in  one  series  of  practical  experiments,  as  in  that 
of  Hermbstadt  (p.  470),  will  not  agree  with  those  obtained  in  any 
other — because  the  substances  themselves  with  whiph  our  different 
experiments  are  made,  though  called  by  the  same  name,  are  yet^very 
unlike  in  their  chemical  properties  and  composition. 

{ 16.  Oftht  changes  which  the  food  undergoes  in  passing  through 
the  bodies  of  animtds. 

It  is  the  result  of  long  experience  that  vegetable  matter  is  more 
sensibly  active  as  a  manure,  after  it  has  peissed  through  the  body  of  an 
animal,  than  if  applied  to  the  land  in  its  unmasticated  and  undigested 
state.  In  becommg  animalized,  therefore — as  it  has  been  ccUled — 
vegetable  substances  have  been  supposed  to  undergo  some  mysteri- 
ous, because  not  very  obvious  or  intelumble,  internal  cnange,  by  which 
this  new  virtue  is  imparted  to  themu  Yet  the  change  is  very  simple, 
and  when  explained  is  not  more  satisfactory  than  it  is  beautiful. 

You  will  recollect,  as  I  have  already  stated  to  you  (p.  469),  that 
the  weight  of  dry  manure  voided  by  an  animal  is  always  consiaerably 
less  than  thai  of  the  dry  food  eaten  by  it.  Upon  the  nature  and 
amount  of  this  loss  which  the  food  undergoes  depends  the  quality  of 
the  manure  obtained. 

Tliis  you  will  readily  comprehend  from  the  following  statement : 

1®.  Every  thing  which  enters  into  the  body  in  the  form  of  food  must 
escape  from  the  body  in  one  or  other  of  Aree  different  forms.  It  must 
be  breathed  out  from  the  lungs,  perspired  by  the^skin,  or  rejected  in  the 
solid  or  liquid  excretions.  We  have  already  seen  (Lee.  VIII.,  §  3), 
that  the  function  of  the  lun^  is  to  give  off  carbon  in  the  form  of  car- 
bonic acid,  while  thejr  drink  in  oxygen  from  the  air — and  that  the  quan- 
tity of  carbon  thus  given  off  by  a  nealthy  man  varies  from  5  to  13  or 
more  ounces  in  the  24  hours.  From  the  skin  also  carbon  escapes  along 
with  a  small  and  variable  proportion  of  saline  matter.  The  weight 
of  carbon  given  off' by  the  skin  has  not  been  accurately  ascertained. 
Let  us  leave  it  out  of  view  for  a  moment,  and  consider  solely  the  ef- 
fect of  respiration  upon  the  nature  of  the  solid  and  liquid  excretions. 
5  Suppose  a  healthy  man,  taking  a  moderate  degree  of  exercise,  to 
ive  on  from  his  lungs  6  ounces  of  carbon  in  24  hours,  and  to  eat 
uring  the  same  lime  2  lbs.  of  potatoes,  half  a  pound  of  beef,  and 
half  a  poimd  of  bread.  ^Then  he  has  taken  in  his  food — 
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Carbon.  Ifltrogen.  MliM  BnltH*. 

In  the  potatoes 1716  grs.  47  grs.  '  196  gre. 

Inthebread 1004    "  34   «  22   " 

In  the  beef. 790   "  120  «  35  " 

3510  gra.     201  gra.       853  gn. 

And  he  has  ffiTenoffin  respiration  2625  ^ 

Leaving  to  De  rejected  sooner  or 

later  in  the  excretions 885   «      201  «  253  « 

In  this  supposed  case,  therefore,  the  carbon,  nitrogen,  and  saline 

matter  were  to  each  other  nearly  as  the  nnmbers 

€3afton.       NttrofMi.  BaliDe  natter. 

35  2  2i         in  the  food, 

and  as  9  2  2^         in  the  excretions : 

Of;  in  other  words,  the  carbon  being  in  great  part  sifted  out  of  the 
food  by  the  lungs,  the  excretions  are  necessarily  much  richer  in  ni- 
trogen and  in  scdine  matter,  weight  for  weightf  than  the  mixed  vege- 
table  and  animal  matters  on  which  the  man  has  lived. 

But  the  immediate  and  most  sensible  action  of  animal  and  vegetable 
substances,  as  manures,  depends  upon  the  proportion  of  nitrogen  and  sa- 
line matters  they  contain.  This  proportion,  then,  being ^eater  in  the  ex- 
cretions than  in  the  crude  ve^tables,  the  cause  of  the  higher  estimation 
in  which  the  former  are  held  oy  the  practical  farmer  is  sufficiently  clear. 

2o.  In  the  above  case  I  have  supposed  the  allowance  of  food  to  be 
such  only  as  a  person  of  sedentary  habits  would  consume,  and  the 
quantity  of  carbon  given  off  from  the  lungs  to  be  such  as  nis  habits 
would  occasion.  But  if  the  weight  of^  carbon  given  off  from  the  lungs 
and  skin  together  amount,  as  it  often  does,  to  15  ounces,*  the  quantmr 
of  food  must  be  greatly  increased  beyond  the  quantity  I  have  stateo, 
if  the  health  and  stren^  are  to  be  sustained.  By  such  an  increase 
cfC  food — the  carbon  being  removed  by  respiration — the  proportion  of 
nitrogen  and  bf  saline  matters  in  the  excretions  may  be  still  further 
increased,  or  as  manures  they  may  became  still  richer  and  more  ifi»* 
mediately  fertilizing. 

3^.  Let  me  present  to  you  the  results  of  an  actual  experiment  made 
by  Boossingault  upon  a  horse  fed  with  hay  and  oats — and  of  which 
both  the  fomi  and  the  excretions  were  carefully  analysed. 

In  24  hours  the  horse  cofasumed — 

CailMn.         Nitroffen.     BaliiM  natter. 

Hay,  16i  lbs.,!  containing 45,500  grs.  1,500  grs.    8,960  grs. 

Oats,  5  lbs 15,000    «       650    "      1,180   « 

Total  in  the  food 60,500    «     2,150   «    10,140  « 

And  gave  off  from  the  lungs  &  skin  37,960   « 

Leaving  to  be  rejected  in  the  ex- 
cretions  22,640   «     2,150   «    10,140  « 

While  there  was  actually  found  in 
the  mixed  dung 22,640   «     1,770   «    10,540" 

~  *  Llebit  Mtfnataa  the  qoaaitty  of  eifboa  whieb  eeeapee  Avn  the  loafi  and  akin  of  ft 
liealUiy  nan,  taUnf  nodanta  •M/emlm,  at  13-98  oineea  (HeailanX  or  16^  oaneaa  avoirdu- 
poia,  hi  M  hoara.  ^P 

t  Bftdi  eootalatac  aboot  14  par  6«Dt.  of  irrtar.-ilfMate  dli  CMn.  af  dli  P%i., 
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In  this  case,  then,  the  carbon,  nitrogen,  and  saline  matter  were  ccm- 
tained  in  the  proportion  of— 

Cftrboo.  MitrofeiL  Siltoe  natter.  * 

28  1  5    in  the  food, 

and  of  10|  1  5^  in  the  dung ; 

The  analysis  of  the  dung  itself  pEoving  that  in  passing  throagh  the 
body  of  an  animal,  the  food — 

a  diminishes  veiV  considerably  in  weight ; 

h  losing  a  large  but  yariable  proportion  of  its  carbon, 

c  but  parting  with  scarcely  any  of  its  nitrogen  and  ssuine  matter^ 
and  therefore 

d  that  the  fertilizing  virtues  of  the  dimg  above  that  of  the  food  of 
animals — weight- far  weight — depends  mainly  upon  the  larger  pro- 
portion of  these  two  constituents  (the  nitrogen  and  the  saline  matte^ 
which  the  dung  contains. 

I  have  only  further  to  remmd  you  upon  this  subject,  that  the  state 
of  combination  also  in  which  the  nitrogen  exists  in  the  excretions  has 
a  material  influence  in  rendering  their  action  more  immediate  and 
senHibie  than  that  of  unchanged  vegetable  matter.  It  passes  off  for 
the  most  part  in  the  form  of  urea,  which  is  resolved  into  ammonia  and 
its  compounds  more  rapidly  than  the  albumen  of  the  dried  or  even  of 
the  recent  plant,  and  is  thus  enabled  sooner  to  exert  an  appreciable 
influence  upon  the  growing  crop. 

§  17.  Of  farm-yard  manure^  and  of  the  state  in  which  it  ought 
to  be  applied  to  the  land. 

The  manure  of  the  farm-yard  consists,  for  the  most  part,  of  cow- 
dung  and  straw  mixed  and  trodden  togetiier,  in  order  that  the  latter 
may  be  brought  into  a  state  of  decomposition.  In  Uie  improved  hus- 
bandry, where  green  crops  are  extenstvelv  grown  and  many  cattle 
are  kept,  the  horse-dung  forms  only  a  small  proportbn  of  the  whole 
manure  of  the  iarm-yaM. 

On  an  average,  the  quantity  of  recent  manure  obtained  in  the  farm- 
'  yard  amounts  to  a  little  more  than  twice  the  weight  of  &e  dry  food'  of 
the  cattle  and  of  the  straw  spread  in  the  farm-yard  or  in  the  stables 
(p.  469).  That  is  to  say,  for  everv  10  cwt  of  dry  fodder  and  bedding, 
20  to  23  cwt.  of  fresh  dunff  may  be  calculated  upon.  But  if  green 
clover  or  turnips  (every  100  lbs.  of  which  contain  from  70  to  90  lbs. 
of  water)  be  given  to  the  cattle,  an  allowance  must  be  made  for  the 
water  they  contain — the  quantity  of  mixed  manure  to  be  expected 
being  from  2  to  21  times  the  weignt  of  the  dry  food  and  fodder  only. 

But  the  recent  manure  loses  weight  by  lying  in  the  farm-yard.  The 
moisture  evaporates  and  volatile  matters  escape  by  fermentation.  By 
the  time  that  the  straw  is  half  rotten  this  loss  amounts  to  one  fourth  of 
the  whole  weight,  while  the  bulk  is  diminished  one-half.  If  allowed  to 
lie  still  longer  the  loss  increases,  till  at  length  it  may  e4>proach  lo  one- 
half  of  the  whole,  leaving  a  weight  of  dung  little  greater  than  that  of 
the  food  and  straw  which  have  been  consumed.  The  weight  of  com- 
mon mixed  farm-yard  dun^,  therefore,  ob|^ed  fVom  10  cwt  of  dry  food 
and  straw,  at  dlfi&rent  periods,  may  be  tlnls  etoXedapproarimaiely — 
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10  cwl  of  dry  fbod  and  straw  yield  of  recent  dung  23  to  S25  cwt 

At  the  end  of  six  weelu 21  cwt. 

After  eight  weeks 20  cwt 

When  half-rotten 15  to  17  cwt 

When  fblly-rotten , 10  to  13  cwt* 

These  quantities,  you  will  observe,  are  supposed  to  be  obtained  in 
the  common  open  farm-yards,  with  the  ordinary  slow  process  of  fer* 
mentation.  An  improved,  quicker,  or  more  economical  mode  of  fer- 
menting the  mixed  dung  and  straw  mav  be  attended  with  less  loss 
and  may  give  a  larger  return  of  rich  ana  fully-rotten  dung. 

A  knowled^  of  these  facts  shows  clearly  what  is  the  most  eco- 
nomical form  m  which  farm-yard  manure  can  h6  applied  to  the  land. 
P.  The  more  recent  the  manure  from  a  given  quantity  of  food  and 
straw  is  ploughed  in,  the  greater  the  quantity  of  organic  matter  we 
add  to  the  land.  When  the  only  object  to  be  regarded,  therefore^ 
is  the  general  enriching  of  the  soil,  this  is  the  most  economical  and 
the  most  expedient  form  of  employing  farm-yard  manure. 

2?,  But  where  the  soil  is  already  very  light  and  open,  the  plough- 
ing in  of  recent  manure  may  make  it  still  more  so,  and  may  thus  ma- 
terially injure  its  mechanical  condition.  In  such  a  case  the  least  of 
two  evils  must  be  chosen.  It  may  be  better  husbandry — ^that  is,  more 
economical — to  allow  the  manure  to  ferment  and  consolidate  in  the 
farm-yard  with  the  certainty  of  a  considerable  loss,  than  to  diminish 
the  solidity  of  the  land  by  ploughing  it  in  in  a  recent  state. 

3^.  A^n — in  the  soil,  a  fermentation  and  decay  similar  to  that 
which  takes  place  in  t)ie  farm-yard  will  slowly  ensue.  The  benefit 
which  generally  follows  fron)  causing  this  fermentation  to  take  place  in 
the  fiefd  rather  than  in  the  open  yard  is,  that  the  products  of  tlie  decom- 
position are  taken  up  by  the  soil,  antTthus  waste  is  in  a  great  measure 
Srevented.  But  in  very  light  emd  open  soils,  this  absorption  of  the  pro- 
ucts  of  decay  does  not  take  place  so  completely.  The  rains  wash  out 
some  portions,  while  others  escape  into  the  air.  and  thus  by  burying  the 
rec«nt  manure  in  such  soils,  less  of  that  waste  is  prevented  which  when 
left  in  the  open  air  it  is  sure  to  undergo.  It  may  even  happen,  in  some 
cases,  that  the  waste  in  such  a  soil  will  not  be  greatly  inferior  to  that 
which  necessarily  takes  place  in  the  farm-yard.  The  practical  msui, 
therefore,  may  question  whether,  as  a  general  rule,  it  would  not  be  safer 
in  farming  very  light  arable  lands,  to  keep  his  manure  in  heaps  till  it  is 
well  fermenteo,  and  to  ad<^t  those  means  for  preventing  waste  in  the 
heaps  themselves  which  science  and  practical  skill  point  out  to  him. 
It  may  be  regarded  indeed  as  a  prudent  and  general  opinion  to  hold 
— one,  however,  which  must  not  be  maintained  in  regard  to  any  par- 
ticular tract  of  land  in  opposition  to  the  results  of  emightened  expe* 
rience-<-that  recent  farm-yard  manure  (Umff  dung)  is  not  suited  to 
▼ery  light  soils,  because  it  will  render  them  still  lighter,  and  because 
m  tiiem  the  manure  may  suffer  almost  as  much  waste  as  in  the  farm- 

*  In  an  exealleiit  litUe  practletl  wofk  nrlntH  for  pitftta  elreulation,  onder  Che  title  of 

-'  •    -^ ' '    'eMmAli /-"*■"-'"    ' ^-^-. -— - 

e  seetion  - 

J  ejKlatence  upon  tlit  genend  tabjeetof  ■  

^dknuig  tkr  I^fiaman  unt  4U  StaUk  dm  tanSkimm 


•*  Nott»  on  the  OiUhtrt  and  CnpptnM  ofArabU  Lmtd^'*  by  tha  late  Dr.  CoVaoiry,  of  Bdin- 
■Mnxh,  tbe  reader  wfli  |lad  a  valuaBle  aeetion  apoD  manuraa.    The  noat  oomplece  work 
r  in  ajKlatence  upon  tlia  genend  tabjeet  of  affriealuiral  atatlea,  la  that  of  mobfk,  Hi*  A> 
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ymrd ;— and,  therefore,  that  into  such  soiLs  it  should  be  plooffhed  in 
the  compact  state  (short  dung)^  and  as  short  a  time  as  possiDle  be- 
fore the  ffowing  of  the  crop  which  it  is  intended  to  benefit 

V.  But  upon  loamy  and  clay  soils  the  contrary  practice  is  recom- 
mended. Such  soils  will  not  be  injured,  thev  may  even  be  benefitted 
by  the  opening  tendency  of  the  unfermentea  straw,  while  at  the  same 
time  Uie  products  of  its  decomposition  will  be  more  completely  re- 
tained— the  land  consequently  more  enriched,  and  the  future  crops 
more  improved  by  it  Vn  such  soils,  the  recent  dun£  ploughed  in,  m 
the  autumn,  has  been  found  greatly  more  influential  upon  the  crops 
of  corn  which  followed  it,  either  in  winter  or  in  spring,  than  a  propor- 
tional quantity  of  well  fermented  manure.  By  such  treatment,  in- 
deed, the  whole  surface  soil  is  converted  into  a  layer  of  compost,  in 
which  a  slow  fermentation  proceeds,  and  which  reaches  its  most  fer- 
tilizing condition  when  the  early  spring  causes  the  young  com  to  seek 
for  larger  supplies  of  food. 

5^.  But  the  nature  of  the  crop  he  is  about  to  raise  will  also  influ- 
ence the  skilful  farmer  in  his  application  of  long  or  short  dung  to  his 
land.  If  the  crop  is  one  whicn  quickly  springs  up,  runs  through  a 
short  life,  and  attains  an  early  maturity,  he  will  apply  his  manure  in 
such  an  advanced  state  of  fermentation  as  may  enable  it  immediately 
to  benefit  the  rapidly  growing  plant  In  this  case,  also,  it  may  be 
better  to  lose  a  portion  by  fermenting  it  in  the  farm-yard,  than,  by  ap- 
plying his  manure  fresh,  to  allow  his  crop  to  reach  nearly  to  maturity 
Defore  any  benefit  begins  to  be  derived  from  it 

6^.  So  dso  the  purpose  for  which  he  applies  his  manure  will  regu- 
late his  procedure.  In  manuring  his  turnips  the  farmer  has  two  dis- 
tinct objects  in  view.  He  wishes,  first,  to  force  the  young  plants  for- 
ward so  rapidly  that  they  may  get  into  the  second  leaf  soon  enough 
to  preserve  them  from  the  ravages  of  the  fly — and  afterwards  to  fur- 
nisn  them  with  such  supplies  of  food  as  shall  keep  them  growing  till 
they  have  attained  the  most  profitable  size.  For  the  former  purjpose 
fermented  manure  appears  to  be  almost  indispensable — if  that  or  the 
farm-yard  is  employed  at  all — for  the  latter,  manure,  in  the  act  of  slow 
and  prolonged  decomposition,  is  the  most  suitable  and  expedient 

It  18  because  bone-dust  is  admirably  adapted  for  both  purposes,  that 
it  has  become  so  favourite  a  manure  in  many  districts  for  the  turnip 
crop.  The  gelatine  of  the  outer  portion  of  tne  bones  soon  heats,  fer- 
ments, and  gives  ofl*  those  substances  by  which  the  young  plant  is 
benefitted — while  the  gelfitine  in  the  interior  of  the  bone  decays,  lit- 
tle by  little,  and  during  the  entire  season  continues  to  feed  the  ma- 
turing bulb.  Rape-dust,  when  drilled  in,  acts  in  a  similar  manner,  if 
the  soil  be  sufficiently  moist  It  may  be  doubted,  however,  whether 
its  eflects  are  so  permanent  as  those  of  bones. 

The  considerations  I  have  now  presented  will  satisfy  you  that  the 
disputes  which  have  prevailed  in  regard  to  the  use  of  long  and  short 
dung  have  arisen  iVom  not  keeping  sufficiently  distinct  the  two  ques- 
tions— what  is  theoretically  the  best  form  in  which  farm-yard  dung 
can  be  applied  in  general  ?— *nd  what  is  theoretically  and  practical- 
ly the  best  form  in  which  it  can  be  applied  to  this  or  to  that  cropy  or 
for  this  or  for  that  special  object? 
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§  18.  Of  top^ressiriff  with  fermenting  manures. 

If  8o  larffe  a  waste  occur  in  the  fann-yard  where  the  manure  is 
left  long  toTermeot— can  it  be  good  husbandry  to  spread  fermenting 
manure  as  a  permanent  top-dnming  over  the  surface  of  the  fields? 
This,  also,  is  a  question  m  regard  to  which  difierent  opinions  are 
entertained  b^r  practical  men< 

That  a  considerable  waste  must  attend  this  mode  of  application  there 
can  be  no  doubt  Volatile  matters  will  escape  into  the  cur  and  saline 
substances  may  be  washed  away  by  the  rains,  and  yet  there  are  many 
good  practical  farmers  who  oonsuler  this  mode  of  am>iyiDg  such  manure 
to  be  m  certain  cases  as  profitable  as  any  that  can  be  adopted.  Thus— 

1*^.  It  is  common  in  spring  to  apply  such  a  top-dressing  to  old  pas- 
ture or  meadow  lands,  and  Uie  increased  produce  of  food  in  the  form  of 
grass  or  hay  is  believed  to  be  equal,  at  least,  to  what  would  have  been 
obtained  from  the  same  quantity  ot  manure  emplo^red  in  the  raising 
of  turnips.  Where  such  is  really  the  case,  experience  decides  the 
question,  and  pronoi:^nce8  that  notwithstanding  the  loss  which  must 
occur,  this  mode  of  applying  the  manure  is  consistent  with  good 
husbandry.  But  if  the  quantity  or  market  value  of  the  food  raised  by 
a  ion  o(  manure  applied  in  this  way  is  not  equal  to  what  it  would 
have  raised  in  turnips  and  com,  then  it  may  as  safely  be  said  that 
the  most  economical  method  of  employing  it  has  not  been  adopted. 

But  theory  also  throws  some  interesting  light  upon  this  question. 

Old  grass  lands  can  only  be  manured  by  top-dressings.  And  if 
they  cannot  continue,  and  especially  such  as  are  meadowed,  to  yield 
an  average  produce,  unless  there  be  now  and  then  added  to  the  soil 
some  of  Uiose  same  substances  which  are  carried  off  in  the  crop^  it 
appears  to  be  almost  necessary  that  farmyard  dung  should  now  and 
then  be  applied  in  some  form  or  other.  U  is  true  that  hay  or  straw 
or  long^  dunf  contains  aJl  the  elements  which  the  growing  erass  re- 
quires, but  if  spread  on  the  surface  of  the  field  and  then  allowed  to 
ferment  and  decay,  the  loss  would  probably  be  still  greater  than  when, 
ibr  this  purpose,  it  is  collected  into  heaps  or  strewed  in  the  farm-yard. 
Thus  the  usual  practice  of  laying  on  the  manure  in  a  highly  fer- 
mented state  may  be  the  most  economical. 

2?.  Affain,  where  the  turnip  crop  is  raised  in  whole  or  in  part  by  ^ 
means  of  bones  only,  of  rape  dust,  or  of  other  artificial  manures,  as  they  ^ 
are  called,  it  is  usual  to  expend  a  large  proportion  of  the  farm-yard  dung 
in  top-dressing  the  sucoeedinff  crop  of  clover.  Thus  the  land  obtains 
two  manurings  in  the  couise  <m  the  four  years'  rotation — bones  or  rape- 
dust  with  the  turnips— and  fermented  dung  with  the  clover.  Tnis 
second  application  increases  the  clover  crop  in  some  districts  one-iburth 
and  the  aheiH»pp  of  wheat  or  barley  very  considerably  alsa  [Such 
is  the  case  upon  some  of  the  farms  in  the  Vale  of  the  Tame  (Stafford- 
shire,) where  the  turnips  are  raised  with  rape-dust,  and  wheat  follows 
Ae  ciover.l 

Here,  also,  i^  is  clear,  that  if  manure  be  necessary  to  the  clover,  it 
can  only  be  applied  in  the  form  of  a  top-dressing.  But  why  is  it  ne- 
eessary,  as  experience  says,  and  why  should  farm-yard  manure,  which 
is  known  to  sufibr  waste,  be  applieid  as  a  top-dressing  rather  than 
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rape-dost  which  in  ordinary  seasons  is  not  so  likely  to  sofier  Iom? 
1  offer  yoii  the  following  explanation : — 

If  you  raise  your  turnip  crop  by  the  aid  of  the  bones  or  rape-dust  alone 
you  add  to  the  soil  what,  in  most  cases,  may  be  sufficient  to  supply  near- 
ly all  the  wants  of  that  crop,  but  you  do  not  add  aU  which  ^succeed- 
ing crops  <^  com  and  clowr  require.  Hence  if  these  crops  are  to  be 
grown  continuously,  and  for  a  length  of  time,  some  other  Kind  of  ma- 
nure must  be  added— in  which  those  necesMuy  substances  or  kinds 
of  food  are  present  which  the  bones  and  rai^ust  cannot  sumily. 
'Farm-yard  manure  contains  them  all.  This  is  within  the  reech  of 
every  farmer.  It  is,  in  fact,  his  natural  resource  in  every  such  difli- 
culty.  He  has  tried  it  upon  his  clover  crop  in  the  circumstances  we 
are  considering,  and  has  necessarily  found  it  to  answor. 

Thus  to  expain  the  results  at  which  he  has  arrived  in  this  special 
ease,  chemical  theory  only  refers  the  practical  man  to  the  general  priih 
ciple  upon  which  all  scientific  manuring  depends — ^that  fie  must  add  to 
the  sou  sufficient  supplies  of  every  thinff  he  carries  off"  in  his  crops — and, 
therefore,  without  some  such  dressing  as  he  actually  applies  to  his 
clover  crop,  he  could  not  long  continue  to  srow  good  crops  of  any  kind 
upon  his  land,  if  he  raise  his  turnips  with  bones  or  rape-dust  only. 

It  might,  I  think,  be  woijthy  or  trial,  whether  the  use  of  the  f«^ 
mented  dung  for  the  turnips,  and  of  the  rape^ust  for  top-dressing  the 
after-crops^  would  not,  in  the  entire  rotation,  yield  a  larger  and  mom 
remuneratmg  return. 

§19,  Of  eating  off  vftthO^. 

The  practical  advanta^  derived  fh)m  eating  off  turnips  and  clover 
crops  with  sheep  are  mamly  of  two  kinds.  Li^ht  lands  are  trodden 
down  and  solidified,  and  they  are  at  the  same  time  equably  and  mora 
or  less  richly  manured.  With  this  latter  effect,  that  of^  manuring, 
some  interesting  practical  facts  and  theoretical  considerations  are 
connected.    Thus — 

1°,  In  the  preceding  lecture  (p.  419)  I  mentioned  to  you  that  in  some 
parts  of  Germany,  spurry,  amon^  other  plants,  is  extensively  grown, 
and  with  much  profit,  for  ploughuijg  in  as  a  green  manure.  Now  it  is 
mentioned  that  the  crops  of  rye  which  follow  a  crop  of  spurry  are  some- 
times quite  as  great  wnen  it  tias  been  eaten  off  with  sheep  or  cattle  as 
when  it  has  been  ploughed  in  (Von  Voght,  Uber  Manche  Voriheiie 
der  grUner  dungung.) 

2^.  In  accordance  with  this  statement  is  the  opinion  of  mway  skil* 
ful  practical  men  among  ourselves,  that  a  crop  of  clover  or  of^  tare« 
will  cause  a  larger  afUr-growth  of  com,  if  it  be  eafhn  off  i^thsheep^ 
than  if  it  be  ploughed  in  m  the  green  state. 

The  correctness  of  these  practical  observations  appears  from  a 
brief  consideration  of  one  of  those  interesting  theoretical  questions 
we  have  recently  been  discussuiff. 

When  a  crop  is  eaten  off  by  full-grown  animals,  it  returns  again  to 
the  soil,  deprived  of  a  portion  of  its  carbon  only  (p.  473.)  The  manuro 
contains  ail  the  nitrogen  and  saline  matter  of  uie  green  vegetables,  and 
in  a  state  in  which  they  are  more  immediately  available  to  the  uses  of 
the  young  jdant    Thus  far,  then,  we.can  understand  that  in  certain 
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acrop  may  a]vpear  to  fertilize  the  land  m^ 
and  digested,  than  u  it  had  been  ploughed  in  green,  and  we  can  recog- 
nize the  correctness  of  the  opinion  at  wliich  practical  men  have  arrived. 

But  theory  does  not  forsslke  us  here.  As  in  all  other  cases  in  which 
it  furnishes  a  true  explanation  of  known  ftu^ts,  it  points  to  new  facts  also^ 
which  more  or  less  modify  our  received  opinions,  and  define  the  limits 
within  which  their  truth  can  be  rigorously  maintained.    Thus — 

1^.  Theory  says  that  if  the  animals  fed  upon  the  green  crop  be  in  a 
growing  state — if  they  be  increasing  in  muscle  or  in  bone — Qiey  will 
not  oi^y  dissipate  through  their  lungs  and  skin  a  portion  of  its  carbon, 
but  wifl.  retam  also  a  part  of  its  nitrogen  and  scuine  matter,  and  ww 
thus  return  to  the  soil,  in  their  excretions,  a  smaller  quantity  of  these 
substances  than  the  crop  would  have  given  to  it  if  ploughed  in  green. 
If,  therefore,  a  maximum  fertilizing  eSect  is  to  be  produced  ufton  a 
field  by  eating  oflfa  ffreen  crop,  it  is  not  altogether  a  matter  of  indil^ 
lerence  what  land  of  animals  we  employ  as  digesters. 

2^.  Again,  the  practice  of  green  manuring  is  resorted  to  chiefly 
upon  sous  wnich  are  poof  in  organic  matter — ^to  which  the  carbon  of 
the  green  crop  is  of  consequence,  as  well  as  the  nitrogen  and  saline 
matter  it  contains.  But  when  eaten  ofij  much  carbon  is  lost  to  tha 
■oil,  and  thus  the  supply  of  organic  matter  which  it  ultimately  gets  is 
considerably  less  than  if  the  crop  it  bore  had  been  ploughed  mm  the 
green  state.  Such  soils,  then,  cannot  be  equally  enriched  by  the 
former  as  by  the  latter  method. 

This  case  presents  a  verv  interesting  illustration,  and  one  which  you 
can  readily  appreciate,  of  the  kind  of  useful  information  which  theoretic 
cal  chemistry  m  capable  of  imparting  upon  almost  every  branch  of  prao* 
tkal  agriculture.  It  says  to  the  farmer— ^es,  you  may  in  some  cases, 
oertaimy,  eat  off  the  crop  with  ad  vantage--but  if  you  wish  to  do  most 
flood  to  your  land  you  must  eat  it  off  with  fattening,  not  with  growing 
Sheep — and  you  must  do  so  upon  soils  which  are  not  very  poor  in 
vegetable  matter.  And  that  explains  to  me  also,  says  the  practical 
man,  in  reply,  why  I  have  always  found  sheep-folding  to  be  most  be- 
neficial on  soils  which  are  rich  m  vegetable  matter*  (p.  468.) 

{  20.  Qf  ^  improvement  of  the  soil  by  irrigation. 

Irrigation,  as  it  is  practised  in  oior  climate,  is  only  a  more  refined 
methcM  of  manuring  the  soil  In  warm  climatee,  where  the.parched 
plant  would  wither  and  die  unless  a  constant  supply  of  water  were 
artificially  affixded  to  it,  irrigation  may  act  ben^cially  by  merely 
jrieldinfl  this  wwpAv  to  the  growing  crops ;  bat  in  our  latitudes  (mly 
a  smalTpart  of  its  Deneficiu  effeets  can  oe  ascribed  to  this  canse. .  It 
IS  to  pasture  and  meadow  land  almost  solely  that  irrigatbn  la  api^ed 
by  British  fanners,  and  the  good  efiect  it  produces  is  to  be  explained 
by  a  reference  to  various  and  natural  causes. 

l^'.  If  the  water  be  more  or  less  muddy,  bearing  with  it  solid  matter 
which  depoates  itself  in  still  places,  the  good  offsets  which  fofiow  its 

*  flprmgel  ezpUM  this  bet  by  tftotlnf  tlwl  Ike  bomle  tcld  efOie  ▼efeliMe  mttter  n- 
Mm  more  efltetoiny  the  emiiMMta  of  the  deeosMMietac  dong.  Tbere  nay  be  ■omeihiiig 
iethI«,bot  mofe,  to  moetcaeee,!  think,  Itt  Ihefcet  that  dlfeHioa  eepefatfle  mach  of  the 
cerbon  fo  which  flie  eoito  abooDd,  but  retone  ihejdtrofw  end  iidlae  metter  almoet  o^ 
SWysdissKMSbeHmfBteT  ^ 
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diffttsion  over  the  soil  maybe  ascribed  to  the  layer  of  visible  mannre 
which  it  leaves  everywhere  behind  it  Thus  the  Nile  a&d  the  Ganges 
fertilize  the  lands  over  which  their  annnal  floods  extend,  and  peniy 
m  this  way  do  somis  of  our  snmller  streams  improve  the  fields  over 
Which  they  either  naturally  flow  or  are  artificially  led. 

S°.  Or  if  the  water  hold  in  solution,  as  the  liquid  manures  of  the 
farm-yard  do,  substances  on  which  plants  are  known  to  feed,  then  to 
difliise  them  over  the  surface  is  a  simple  act  of  liquid  manuring,  from 
which  the  usual  benefits  follow.  Sucn  is  the  irrigation  which  is  prac- 
tised in  the  neighborhood  of  6ur  large  towns,  where  the  contents  of 
the  common  sewers  are  discharged  ftito  the  waters  which  subsequent* 
Iv  spread  themselves  over  the  fields.  (For  an  interesting  account  of 
the  eflects  of  such  irrigation  in  the  neighbi>rhood  of  Edinburgh,  see 
Stephens,  On  Irrigation  and  Draimng^  p.  75.)  In  so  far  also  as  any 
steams  can  be  supposed  to  hold  in  solution  the  washings  of  towns  or 
of  higher  lands — and  there  are  few  which  are  not  more  or  less  im- 
pregnated in  this  mahner — so  far  may  tfieir  beneficial  action,  when 
employed  for  purposes  of  irrigation,  be  ascribed  to  the  same  cause. 

3^.  a<k%  spnn^  waters  which  have  run  only  a  short  way  fVom  their 
■puree  are  occasionally  found  to  be  vahiable  irrigators.  In  such  cases, 
also,  the  good  effect  may  be  due  in  whole  or  in  p4rt  to  substances  held 
in  sohitioti  by  the  water.  T^hus,  m  lime-stone  districts,  and  especially 
those  of  the  mountain  lime-stone  formation  (Lee.  XL,  $  8,)— in  which 
copious  springs  are  not  unfrequentiy  met  with— the  water  is  generally 
impregnated  with  much  carbonate  of  lime,  which  it  slowiy  deposites  as 
it  nowB  away  from  its  source.  To  iirigate  with  such  water  is,  in  a  re* 
fined  sense,  to  lime  the  land,  and  at  tiie  same  time  to  place  within  the 
reach  of  the  growing  plants  an  abundant  supply  of  this  substance,  in  a 
form  in  which  it  can  readily  enter  into  their  roots,  ^ome  of  the  water 
used  in  the  well-known  scientific  irrigations  at  Closebum  Hall,  in 
Dumfries-shire,  appears  to  have  been  impregnated  with  lime.  See 
Stephens,  p.  43.) 

In  other  districts,  again,  the  springs  contain  gypsum  and  common 
salt,  and  sulphate  of  soda  and  sulphate  of  magnesia,  and  thus  are  ca- 
pable of  imparting  to  plants  maov.of  those  inorganic  forms  of  matter, 
without  which,  a^  We  have  deen,  they  cannot  exmoit  a  hedhhy  growth. 

4^.  Affsin,  it  is  observed  that  th«  gjodd  effi&cti  of  inrigation  are  pro- 
duced otuy  by  rwming»mater — ooa»e  grasses  and  marsh  plants  spring- 
ing up  wtien  the  water  is  allowed  to  stagnate  (Low^  BlemmU  <f 
Agriculture^  dd  edition,  p.  472.)  This  is  elqpbuned  in  part  by  the 
fact  that  a  given  quantity  of  water  will  soon  be  deprived  of  that  por- 
tion of  matter  held  in  soiutioh,  of  which  llie  plants  can  readily  avail 
thems^ves,  and  that  when  this  is  thbchse'it^an  no  longer  contribute 
to  their  growth,  in  an  equal  degree. 

But  there  is  another  virtue  in  nintiing  water,  whioh  makes  it  mors 
wholesome  in  the  Hving  plant  It  com^s  upon  the  field  charged  with 
Ipseoua  matter,  with  oxygen  and  nitrogen  iamd  oarixmiG  aeid,  in  propoi^ 
tions  very  difierent  from  those  in  which  these  gases  are  jmixed  together 
in  the  air  (Lee.  II.,  j  6.)  To  the  root,  and  to  the  leaf  also,  it  carries 
these  gaseous  substances.  The  oxygen  is  worked  \Sp  in  aidiufl^  the 
decompoBilion  of  decaying  vegetable  malt^r«    The  carbonio  acid  is 
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absorbed  by  and  feeds  the  plant  Let  the  same  water  remain  on  the 
same  spot,  and  its  supply  of  these  gaseous  substances  is  soon  ex* 
hausted.  In  its  state  of  rest  it  re-^Dsorbs  new  portions  from  the  air 
with  comparatiye  slowness.  But  let  it  flow  along  the  surface  of  the 
field,  exposing,  ever^  moment  new  particles  to  the  moving  air,  and  it 
takes  in  the  carbonic  acid  especially  with  much  rapidity — and  as  it 
takes  it  from  the  air,  almost  as  readily  again  ^ves  it  up  to  the  leaf  or 
root  with  which  it  first  comes  in  contact.  This  is  no  doubt  one  of  the 
more  important  of  the  several  purposes  which  we  can  understand 
runninff  water  to  serve  when  used  for  irrigation. 

But  further,  if  water  be  allowed  to  stagnate  ovei?  the  finer  grasses, 
they  soon  find  themselves  in  circumstances  in  which  it  is  not  consist- 
ent with  their  nature  to  exhibit  a  healthy  growUL  They  droop, 
therefore,  and  die,  and  are  succeeded  by  new  races,  to  which  the  wet 
land  is  more  congenial. 

5^.  It  is  Imown  also,  that  even  running  water,  if  kept  flowing  with- 
out intermission  for  too  long  a  period,  will  injure  tlie  pasture.  This 
is  because  a  long  immersion  in  water  induces  a  decay  of  vegetable 
matter  in  the  soil  which  is  imfavorable  to  the  growth  of  the  grasses — 
producing  chemical  compounds  which  are  not  naturally  formed  in 
those  situations  in  which  the  grasses  deliffht  to  grow,  ana  which  are 
unwholesome  to  them.  Although,  therefore,  the  water  continues  to 
support  those  various  kinds  of  frnxl  by  which  the  grasses  are  benefit- 
ted, yet  it  becomes  necessary  to  withdraw  it  for  a  time,  in  order  that 
other  injurious  consequences  may  be  avoided. 

6^.  Lastly. — Inigation  is.  most  beneficial  where  the  land  is  well 
drained  beneath — where  the  water,  afler  the  irrigation  is  stopped,  can 
sink  and  find  a  ready  outlet  The  same  benefits  indeed  flow  from  the 
draining  of  irrigated  as  from  that  of  arable  lands.  The  soil  and  sub- 
soil are  at  once  washed  free  of  any  noxious  substances  they  may 
naturally  contain,  or  may  have  derived  from  the  crops  they  have 
grown,  and  are  manurea  and  opened  by  the  water  which  passes 
through  them.  As  the  water  descends  also,  the  air  follows  it,  to 
ehange  and  mellow  the  under-soil  itself. 

Such  are  the  main  principles  upon  which  the  beneficial  action  of 
irrigation  depends,  and  they  appear  to  me  satisfactorily  to  account 
for  all  the  facts  upon  the  subject  with  which  I  am  acquainted.  I 
pass  over  the  Eilleged  beneficial  action  of^  water  in  keeping  the  tem- 
perature of  irrigated  fields  from  sinking  too  low.  As  irrigation  is 
practised  in  our  islands,  little  of  the  go^  done  to  watered  meadows 
can  be  properly  attributed  to  this  cause. 


I  have  now  drawn  your  attention  to  the  most  important  and  readily 
available  means,  mechanical  and  chemical,  for  improving  the  soil 
Let  us  next  study  the  products  of  the  soil — their  composition,  their 
differences,  and  the  purposes  they  are  intended  to  serve  in  the  feed- 
ing and  nourishment  of  animals. 
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Haviito  now  coDsidered  the  most  important  of  those  means  by  which 
the  soil  may  be  improved,  it  will  be  proper  to  direct  our  attention  to  that 
which  the  land  produces— to  the  chemical  nature  of  the  crops  you  nuse, 
to  the  difierences  which  exist  among  them,  and  to  the  purposes  they  are 
fitted  to  serve  in  the  feeding  of  man  and  other  animals. 

Agricultural  products  are  of  three  distinct  kinds  : 

1°.  Such  as  are  directly  reaped  from  the  soil  in  the  form  of  com,  pota- 
toes, hay,  &c. 

2°.  Such  as  are  the  result  of  a  kind  of  natural  process  of  manufacture, 
by  which  the  direct  produce  of  the  soil  is  more  economically  conveitisd 
into  the  beef  and  mutton  of  the  feeder  of  stock. 

3°.  Such  as  are  the  results  of  a  further  conversion  at  the  hands  of  tDA 
dauy  farmer,  and  are  sent  to  market  in  the  form  of  butter  and  cheese. 

Ijius  three  distinct  topics  of  consideration  present  themselves  in  con- 
nection with  the  produce  of  the  soil, — ^the  nature  of  tlie  immediate  pro- 
ducts thciiwelves— the  economy  of  the  feeding  of  stock— and  the  prepara- 
tion of  butter  and  cheese.  We  shall  study  these  seveial  topics  in  their 
natural  order. 

§  1.  Cfthe  mcmmiun  or  greatest  pouibU,  and  the  average  or  actual, 

^  produce  of  the  land. 

There  is  a  wide  difference  in  most  countries  between  the  actual 
amount  of  food  produced  by  the  land,  and  that  which,  in  the  most  £bl- 
vourable  circumstances,  it  would  delight  to  yield» 

An  imperial  acre  of  land  in  our  island  has  been  k^own  to  yield  of 
wheat  70  bushels,*  barley  60  bushels,  oats  100  bushels,  potatoes  30 
tonSft  and  turnips  60  tons.t 

The  average  produce  of  the  land,  however,  is  far  below  these  qudnti- 
ties.    It  is  not  easy  to  arrive  at  a  tolerable  approximation  ereja  to  the 

*  In  the  crtunty  of  Middlesex  the  produce  of  wheat  rarlea  fmm  12  to  68  bnahebH- of  bar* 
ley  from  IB  to  76— and  of  oate  from  82  to  96  bamheU.-^Middtetonft  Viiw  ofOe  Agrltmi' 
twt  qfmmetem,  1796,  pp.  176, 183,  and  18& 

t  See  Mr.  Fleming'a  ezperlmenta  upon  potatoea  In  the  Appendix. 

I  Peiliapa  thla  ia  not  the  mnjrMMMn.— Inihe'  BtcmdBtf»rt  vftk»  Rtf^ AgriaONa^  Im- 
pttvemtm  tkciety  vf  httattl,  p.  67,  a  erop  of tunilpf  la  vMloMd,  whiefe  wrtgfaedeSlow- 
lopa  and  bolbs  amounting  togeth»r  lo  76  ttwHi 
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trae  arerage  produce  of  the  island.    Mr.  Maoculloch  esdxnates  that  of 
wheat  at  26  bushels  an  acre,  barley  at  32,  and  oats  at  36. 

Sir  Charles  Lemon  gives  for  the  average  produce  of  idl  England,  and 
for  the  highest  and  lowest  county  averages,  the  Ibllowing  numbers— - 


Higher 

LowMt 

all  Biifkiul 

eouotv  averaffe 
labaaheic 

count?  avente 
in  baghete. 

Wheat    -    • 

-     .       21 

26  Nottinghamshire. 

16  Dorset. 

Barley    -    - 

-     .       32J 

24  Devon. 

Oats  -    -    . 

.     .      35i 

48  Lincolnshire. 

20  Gloucester. 

Potatoes-    - 

.    -    2^ 

360  Cheshire. 

.  100  Durham. 

While  in  Scotland,  according  to  Mr.  Dudgeon,  the  average  prodooa 
of  com  i" 


Good  kttd.  Lifhter  hud. 

Wheat    -    -    -    -  30  to  32  bushels.        22  to  26  bushels. 
Barley    -    -    -    -  40  to  44       do.  34  to  38       do. 

Oats 46  to  50       do.  36  to  43       do. 

If  these  numbers  of  Sir  Charles  Lemon  and  of  Mr.  Dudgeon  are  to  he  * 
depended  lipon,  the  averages  for  the  whole  island  cannot  be  far  from 
wheat  24  bushels,  barley  34  bushels,  oats  37  bushels,  potatoes  6  tons, 
and  turnip  10  tons. 

Though  even  these,  especially  in  regard  to  the  root  crops,  must  ba 
considered  as  in  a  considerable  degree  hypothetical.* 

What  is  the  cause  of  the  striking  differences  above  exhibited  between 
the  maximum  produce  of  certain  parts  of  the  island  and  the  average  pro- 
duce of  the  whole  ?  Are  such  differences  necessary  and  noavoidable  T 
Can  the  less  productive  lands  not  be  made  to  yield  a  larger  return  t 
Can  the  large  crops  of  the  richer  districts  not  be  further  increased,  and 
their  amount  kept  up  for  an  indefinite  succession  of  seasons  ? 

These  interesting  questions  lie  at  the  foundation  of  all  agricullural  im- 
provement—and skill  and  science  answer  that,  though  differences  to 
a  certain  amount  are  unavoidable,  yet  that  means  are  already  known 
by  which  the  fertility  of  the  richer  lands  may  be  maintained,  and  the 
crops  of  the  less  productive  indefinitely  enlarged. 

^2.  Of  the  circumstances  by  which  the  produce  of  food  is  affected—^ 
dimate^  season^  soit,  S^t* 

The  quantity  of  food  produced  by  a  given  extent  of  land  is  affected  by 
the  climate,  by  the  season,  by  the  soil,  by  the  nature  of  the  crop,  by  the 
variety  sown  or  planted,  by  the  general  method  of  culture,  and  by  theio-' 
tation  or  course  of  cropping  that  is  adopted. 

1®.  C?tmat6.— »That  the  warmth  of  the  climate,  the  length  of  the  sum- 
mer, and  the  quantity  of  rain  tliat  falls,  influence  in  a  remarkable  degree 
the  amount  of  food  which  a  district  of  country  is  fitted  to  raise,  is  fa- 
miliar to  every  one.  The  warmth  of  the  equatorial  regions  maintains  a 
perpetual  veidure,  while  the  short  northern  summers  ailbrd  only  a  few 
months  of  pasture  to  the  stunted  cattle.  The  difference  of  latitude  be- 
tween the  extreme  ends  of  our  island  produces  a  similar  difference,  though 
in  a  less  degree.    The  almost  perennial  verdure  of  the  southern  couutug 

*  InlBBUMr.  WakflflcldeatlnMled  Um  Vfn§9  nrodnce  of  wtaMt  to  aD  Eoflnd  at  17 
boabela  oolj— DoTowrttira  prndactaii  as  averafe  of  90^  sod  Um  kada  BMr  Um  omnC  oC  Msm, 
Horfolk,  auOblk,  and  Baaojc,  40  buahala  peraert. 
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eamiat  lie  lioped  for  in  the  noith  afScodandt  and  yet  it  is  said  that  in 
parts  of  Ross-shiie  the  ooni  and  turnip  crops  are  equal  to  tbosa  of  the 
most  favoured  districts  of  Britain.  Is  tiiis  to  be  re^urded  solely  as  the 
tiiumph  of  skill  and  industry  over  the  difficulties  presented  by  nature  ? 

2^.  iSeosofi.— -The  influence  of  the  seasons,  wet  or  dry,  warm  or  cold, 
has  been  observed  by  the  fanner  in  all  ages,  and  it  cannot  be  entirely 
overcome.  The  heavy  crop  of  this  year  may  not  be  reaped  again  oa 
the  next,  because  an  unusual  coM  may  arrest  its  growth.  And 
yet  good  husbandry  will  do.  much  even  hero  oince  the  h^her  the  form- 
ing the  fewer  the  number  of  failures  which  the  intelligent  man  will 
have  occasion  to  lament. 

3^.  Soil. — Diversity  of  soil  is  held  to  be  a  sufficient  reason  for  difler- 
ence  both  in  kind  and  in  weight  of  crop.  A  poor  sand  is  not  expected  to 
give  the  same  return  as  a  rich  clay.  Yet  in  regard  to  the  capabilities  of 
soils  under  skilful  management,  practical  agriculture  appears  as  yet  to 
have  much  to  learn.  Is  there  any  method  hitherto  little  tried  by  which 
aoib  of  known  poverty  may  be  compendioudy  and  cheaply  doctored,  so 
as  to  produce  a  greatly  larger  return  ?  Science  seems  to  say  that  there  is, 
and  {X)ints  to  a  wide  field  of  experimental  research,  by  the  diligent  cul- 
ture of  which  we  may  hope  that  this  great  result  will  hereafl^  be  at- 
tained. The  principles  upon  which  this  hope  rests  have  been  explained^ 
fix  the  most  part,  in  thepreceding  Lectures. 

4^.  Kind  of  crop, — The  amount  of  food,  either  for  man  or  beast, 
which  a  given  field  will  produce,  depends  considerably  upon  the  kind 
of  crop  which  is  raised.  Thus  a  crop  of  30  bushels  of  wheat  will  yield 
only  about  1400  lbs.  of  fine  flour,  while  a  crop  of  6  tons  of  potatoes  will 
give  about  4400  lbs.  of  an  agreeable,  dry,  and  mealy  food.    Thus  the 

gross  weight  of  food  for  man  is  in  the  one  case  three  times  what  it  is  in 
le  other.  So  it  is  said,  on  the  authority  of  the  Board  of  Agriculture, 
that  a  crop  of  clover,  of  tares,  of  rape,  of  potatoes,  turnips,  or  cabbages, 
will  furnish  at  least  thrice  as  much  food  for  cattle  as  one  of  pasture  grass 
of  medium  quality.* 

5^.  Variety  of^eed  souTfi.— The  variety  of  seed  sown  has  also  an  im- 
portant influence  on  the  amount  of  produce  reaped.  I  need  not  refer  to 
the  well  known  necessity  of  changing  the  seed  if  the  same  land  is  to 
continue  to  yield  good  crops-^ut  of  strange  seeds  of  the  same  species 
two  varieties  will  ot\en  yield  very  unlike  weights  of  corn,  of  tpmips,  or 
of  potatoes.  I  may  quote  as  an  illustradon  the  experiments  of  Colonel 
Le  Couteur  upon  wheat.  He  found,  on  the  same  soil  and  under  the 
same  treatment,  that  the  varieties  known  by  the  name  of  the  White 
Downy  and  the  Jersey  Dantzic  yielded  respecdvely : 

Grain.       Weight  pr  both.    Straw.  Fine  floor,    flae  do.  pr.et 

White  Downy  -   48  bush.      62  lbs.      4557  lbs.      2402  lbs.      80|lbs. 
Jersey  Dantzic  -  43|biish.     63  lbs.      4661  lbs.      2161  lbs.      TOJlbs. 
while  on  a  dilferent  soil  and  treated  difierently  from  the  above,  two  other 
variedes  yielded— 

Orain.    Waighl  prtHuh.    flcnw.       Floe  flour.  Fine  flo.  pr.ct 

Whitrington,  -  -  -  33  bush.  61  lbs.  7786  lbs.  1464  lbs.  7241bfc 
Belle Vue  Talavera,  -  52  bush.    61  lbs.    5480  lbs.    24851b8.f  78}lb0. 

*  Loodrm'a  MSneydopadia  of  Agriadimre^  p.  OtO. 

f  Jmnialtftk»Ro9^Jgrieidtmmiaotkft^^JBiiilmtitt,p,m. 
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In  «ach  of  these  caaee,  tbcsdhra,  and  etpedaUy  is  the  }flet,  a  strikiBg 
diffeieiioe  preeenied  kaelf  buth  in  the  absolute  and  in  the  relative  "wa^b/^ 
of  gmiffi  and  of  stzaw  reaped  under  precisely  similar  cirenmstanoes,  by 
the  use  of  diiierent  variesies  of  the  same  species  of  seed.  Nor  ate  the 
above  by  any  means  extreme  cases.  lo  the  same  field  J  have  known 
iiie  QvUi^n  Kent  and  the  FUndem  Red  varieties,  sown  in  the  same 
•ItriiiA:,  to  liirive  so  diflerently,  that,  while  the  former  was  an  excellent 
crop,  the  latter  was  almost  a  total  failure.  It  will  require  a  very  refined 
chemistry  to  explain  the  eanse  of  such  diverades  as  these. 

§  3.  Influence  of  the  method  of  culture  upon  the  product  offood- 

In  addition  to  the  circumstances  above  alluded  to,  the  quantity  of  food 
chat  is  raised  depends  very  much  upon  the  method  of  culture  which  is 
adopted..  Thus,  in  land  of  medium  quality,  our  opinion  in  regard  to  the 
quantity  of  food  it  i»  likely  to  yield  would  be  greatly  afiected  by  the 
answers  we  should  obtain  to  the  following  questions  ;-— 

1°.  Is  the  land  in  permanent  paiture,  or  ii  it  under  the  plough  T-^ 
With  the  exception  of  rich  pasture,  it  is  said  that  land,  under  clover  or 
turaips,  will  produce  three  times  as  much  for  cattle  as  when  under  gran. 
If  such  a  green  crop  then  alternate  with  one  of  oom,  the  land  wouki 
every  two  years  produce  as  much  food  ibr  stock  as  it  would  during  three 
years  if  Ivmg  in  grass,  besides  the  crop  of  com  as  food  for  man,  and 
of  straw  for  the  production  of  manure. 

Thisstatement  may  possibly  be  a  iitileexaggerated,  ormay  represent  tru- 
ly tJie  comparative  produce  of  food  in  special  cases  only— yet  there  seems 
sufficient  reason  for  believing,  as  a  general  rule,  that  a  very  much  larger 
amount  of  food  may  be  reaped  from  land  under  arable 'culture,  than 
when  laid  away  to  permanent  pasture. 

2°.  IVhat  kind  and  quality  of  manure  ii  applied  ?— Every  practical 
man  knows  the  importance  or  manuring  his  land,  and  how  much  the 
abundance  of  every  crop  he  sows  depends  both  upon  the  quantity  and  u]poa 
the  kind  of  manure  he  is  able  to  add  to  it. 

3^.  In  what  way  is  it  applied  ^— ^But  much  depends  also  njion  the 
manner  in  which  the  manure  is  expended,  or  the  kind  of  crop  to  whk(i 
it  is  applied. 

I  have  already  (p.  477)  directed  your  attention  to  the  loss  which  must 
necessarily  be  sustained  by  top-dressing  with  farm-yard  manure,  and  yet 
how  in  certain  modes  of  cropping  and  manurfhg  the  land,  it  may  be 
not  only  advisable  but  necessary  to  do  so.  Yet  the  comparative  retam 
of  food  obtained  fWrni  the  use  at  such  manure,  when  applied  as  a  top- 
dressing  to  grass  land  for  instance,  and  when  buried  with  the  turnip  crop 
in  the  usual  manner,  is  very  unlike. 

Thus,  suppose  an  acre  of  grass  land,  of  such  a  quality  as  to  produce 
annually  without  manure  l\  tons  of  hay,  to  be  top-dressed  every  spring 
or  autumn  with  6  tons  of  farm-yard  manure  per  acre  .  and  suppose 
another  acre  of  the  same  land  in  arable  culture  to  be  manured  for  turnips 
with  20  tons  of  farm-yard  manure  at  once.  Then  the  grass  land,  by 
the  aid  of  the  manure,  would  not  produce  more  than  double  its  namrw 
eroji,  or  2-^  tons  an  acre,  that  is,  10  tons  of  hay  in  the  four  years.  This,  1 
believe,  is  making  a  large  allowance  for  the  eifect  of  the  manure. 

Butthearablelaodt  jfitbsfiNiryaanhif.6f  thfiiiaxne  quality,  niy  ^^ 
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expected  to  produce — turnips  20  tons,  barley  36  bushels,  clover  2J  toof, 
wheat  28  bushels ;  besides  upwards  of  4  tons  of  straw. 

In  all  tliese  taken  together  tliere  must  be  much  more  food  than  in  the 
ten  tons  of  liay. 

If  we  consider  the  money  profit,  however,  to  the  farmer,  the  result 
may  be  different.  The  cost  of  raising  the  ten  tons  of  hay,  exclusive  (^ 
rent,  may  be  reckoned  at  one-half  the  produce,  and  of  the  several  crops 
in  the  four  years'  rotation  at  tliree-quarters  of  the  produce:  we  thuii 
have  for  the  clear  return^ 

In  the  one  case,  half  the  produce — 5  tons  of  hay ; 
In  the  other  case,  a  fourth  of  the  produce-^  tons  of  turnips,  9  bushels 
of  barley,  i  ton  of  clover,  7  bushels  of  wheat,  and  1  ton  of  straw. 

Let  the  clover  and  the  straw  together  equal  in  value  only  one  ton  of 
die  hay,  and  the  money  value  in  3ie  two  cases  will  stand  as  follows  ;— 
Hay«  4  tons,  at  d£5,  =  ^20    0    0 

Turnips,  &  tons,  at  10s.  =  <C2  10  0 
Barley,  9  bush.,  at  4s.  =  1  16  0 
Wheat,  7  bush.,  at   7s.   s^    2       9    0 

6  15    0 


Leaving  a  gain  upon  the  grass  land  of  «£13    6    0 
Or,  <£3.  68.  an  acre  every  year. 

Thus,  though  more  food  is  raised  by  converting  the  land  to  arable 
purposes,  and  more  people  may  be  sustained  by  it,  yet  moire  money 
may  be  made  by  meadowing  the  land — ichere  a  ready  market  existi 
for  the  hay,  where  it  is  allawea  to  he  sold  off  the  farm,  and  where  ahun* 
dance  of  manure  can  he  ohtainedfor  the  purpose  oftop^ressing  the  grass 
etery  year.  It  is  only  in  the  neighbourhood  of  large  towns,  however, 
that  all  these  circumstances  usually  co-exist,  and  hence  one  cause  of  the 
value  of  grass  land  in  such  localities. 

l^he  farmer,  however,  is  never  prohibited  from  selling  his  com  off  the 
farm,  or  his  fat  stock,  or  his  dairy  produce,  and  thus  at  a  distance  from 
large  towns  he  must  turn  his  attention  solely  to  the  raising  of  one  or  other 
of  these  kinds  of  produce. 

Of  the  two  ways  of  employing  his  grass  or  ^reen  crops— in  rearing 
and  fattening  cattle,  namely,  and  in  the  production  of  butter  and  cheese 
—we  shall  hereafler  see  reason  to  believe  that  theoretically  the  latter 
ought  both  to  be  the  most  profitable  in  money  to  the  farmer,  and  at  the 
same  time  to  produce  the  greatest  amount  dT  food  for  man. 

3**.  IVhat  rotation  or  course  of  cropping  is  adopted  ? — If  the  land  be 
cropped  with  com,  year  after  year,  the  produce  of  food  will  not  only  be 
less  than  if  an  alternate  husbandry  were  intToduced~-but  the  yeariy  return 
of  com,  even  on  the  richest  land,  must  sooner  or  later  diminish,  till  at 
length  the  crop  will  not  be  sufficient  to  defray  4he  expense  of  culdvation. 
The  tillage  of  such  land  must  then  be  abandoned,  and  it  must  be  left  to 
a  slow  process  of  natural  restoration.  Mo  arable  land  will  produce  so 
much  food  if  year  by  year  it  be  made  to  raise  the  same  crop,  as  if  the 
crop  be  varied— and  especially  as  if  corn,  root,  and  leguminous  crops  be 
made  to  succeed  each  other  in  a  skilful  alternation. 

Upon  the  introduction  of  tlie  alternate  husbandry,  it  was  found  that 
«pon  lands  formerly  in  pasture,  not  only  could  one-third  more  stock  be 
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kept  contiiiaoiuly  than  before,  but  that  in  addition  a  crop  of  comooold  be 
reaped  every  second  year.  On  the  other  hand,  those  which  had  been 
cropjied  with  com  alone,  or  which  after  two  white  crops  had  usually  been 
left  to  naked  fallow,  yielded  more  com  in  a  given  number  of  yeant  than 
before,  while  a  green  crop  every  second  year  was  raided  on  them  besides. 
It  cunaot  be  doubted,  therefore,  that  a  change  of  cropping  influences,  in 
a  great  degree,  the  amount  of  food  which  the  same  piece  of  land  is  fitted 
to  produce. 

§  4.  Ofihe  theory  of  the  rotaHoti  of  crops* 

Upon  what  principles  do  the  beneficial  effects  of  this  change  of  crop- 
ping depend  ?     What  is  the  trae  theory  of  a  rotation  of  crop»  ? 

It  was  supposed  by  Decandolle^ 

1°.  That  the  roots  of  all  plants  gave  out  or  excreted  certain  substan- 
ces peculiar  to  themselves^and, 

2°.  That  these  substances  were  unfavourable  to  the  growth  of  those 
plants  from  the  roots  of  which  they  came,  but  were  capable  of  promo- 
ting the  growth  of  plants  of  other  species— that  the  excretions  of  one 
species  were  poisonous  to  itself,  but  nutritive  to  other  species. 

Upon  these  suppositions  he  explained  in  a  beautiful  and  apparently 
simple  and  convincing  manner  the  beneficial  effects  of  a  rotation  or  al- 
ternation of  different  crops.  If  wheat  refused  to  grow  after  wheat,  it  was 
because  the  first  crop  had  jxiisoned  the  land  to  plants  of  its  own  kind. 
If  after  an  intervening  naked  fallow  a  second  wheat  crop  could  be  safely 
grown,  it  was  because  during  the  year  of  rest  the  poisonous  matter  had 
time  to  decompose  and  become  again  fitted  to  feed  the  new  crop.  And 
if.  after  beans  or  turnips,  wheat  grew  well,  it  was  because  the  excretions  of 
these  plants  were  agreeable  to  the  young  wheat,  and  fitted  to  promote 
its  p:rowth. 

Thus  easily  explained  were  the  benefits  both  of  a  rotation  of  crops 
and  of  naked  and  other  faUows— and  supported  at  once  bjr  its  own  beauty 
and  by  the  great  name  of  Decandolle,  this  explanauon  obtained  for 
many  years  an  almost  universal  reception. 

But  though  there  seems  reason  enough  for  believing  (p.  82J  that  the 
roots  of  plants  really  do  give  out  certain  substances  into  the  soil— there  is 
no  evidence  that  these  excretions  take  place  to  the  extent  which  the 
theory  of  Decandolle  would  imply— none  of  a  satisfactory  kind  that 
tliey  are  noxious  to  the  plant»«  from  which  they  are  excreted* — and  none 
that  they  are  especially  nutritive  to  plants  of  other  species.  Being  un- 
supported by  decisive  facts  and  observations  therefore,  the  hypothesis  of 
Decandolle  must,  for  the  present,  be  in  a  great  measure  laid  as*de,andwe 
must  look  to  some  other  quarter  for  a  more  satisfactory  theory  of  rotation. 

The  true  general  reason  why  a  second  or  third  crop  of  the  same  kind 
will  not  grow  weU,  is— not  that  the  soil  contains  (oo  much  of  any,  but  that 
it  contains  loo  little  of  one  or  more  kinds  of  matter.  If,  after  maniuingi 
turnips  grow  luxuriantly,  it  is  because  the  soil  has  been  enriched  with 
all  that  the  crop  reauires.  If  a  healtliy  barley  crop  follow  the  turnips, 
it  is  because  the  soil  still  contains  all  the  f(xxl  of  this  new  plant.  If 
clover  thrive  after  this,  it  is  because  it  naturally  recpiires  certain  other 
kinds  of  nourishment  which  neither  of  the  former  croj)3  has  exhausted. 
I^  again,  luxuriant  wheat  succeeds,  it  is  because  the  soil  abounds  still  Ib 
'  Bm  p«(t  81,  note. 
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in  tbat  the  wheat  crop  needs— 4he  failing  vegetable  and  other  matters  of 
the  surface  being  increased  and  renewed  by  the  enriching  roots  of  the 
preceding  clover.  And  if  now,  turnips  refuse  again  to  give  a  fair  re^ 
turn)  it  is  because  you  have  not  added  to  the  soil  a  fresh  supply  of  that 
manure  without  which  they  cannot  thjive.  Add  the  nHuiure,  and  the 
same  rotation  of  crop?  may  again  ensue. 

We  have  already  hail  frequent  occasion,  in  studying  the  inorganic 
constituents  of  plants,  to  observe  that  different  species  require  very  un- 
like proportions  of  the  several  kinds  of  inorganic  food  which  they  derive 
from  the  soil.  Some  require  a  large  pro|x>rtion  of  one  kind,  some  of 
aaother  kind.  If  a  soil,  therefore,  abound  especially  in  one  of  these  va- 
rieties of  inorganic  food,  one  kind  of  plant  will  especially  flourish  upon 
it— while,  if  it  be  greatly  deficient  in  another  substance,  a  second  plant 
will  remarkably  iangmish  upon  it.  If  it  abound  in  both  sulistances,  then 
either  crop  will  succeed  which  we  may  choose  to  sow,  or  they  may  bo 
alternately  ctiltivated  with  a  fair  remrn  from  each. 

Upon  this  principle  the  true  general  explanation  of  the  benefit  of  « 
rotation  of  crops  appears  to  depend.  There  may  be  special  cases  in 
which  peculiar  qualities  of  soil  or  climate  may  intervene  and  give  rise 
to  appearances,  or  cause  results  to  which  this  principle  does  not  apply, 
but  for  the  general  practice  it  seems  to  aflbrd  a  satisfactory  explanation* 

It  may  be  said  that  this  explanation  seems  to  imply  that  the  same 
kind  of  crop  may  be  reaped  from  the  same  soil  for  an  indefinite  luimber  of 
years,  hy  simply  adding  to  it  what  the  crop  carries  off.  This  is  certain- 
ly implied  in  the  principle— and  if  we  kntw  exattly  tokat  to  add  for  eadk 
crop,  we  might  possibly  attain  this  result,  except  in  cases  where  the  soil 
undergoes  some  gradual  chemical  alteration  within  itself,  which  it  may 
require  a  change  of  treatment  to  counteract.  At  all  events  it  does  not 
aeem  impossible  to  obtain  crop  after  crop  of  the  same  kind — and  we  may 
hope  hereafter  not  only  to  be  able  to  efiect  this,  but  to  do  it  in  a  8af&- 
ciently  economical  manner. 

Two  practical  rules  aresus^gestedby  the  fact  that  diflerent  plants  requite 
diflerent  substances  to  abound  ia  a  ail  in  which  they  shall  be  capable  of 
flourishing. 

1®.  To  grow  alternately  as  many  different  classes  or  families  of  plants 
as  possible— repeating  each  class  at  the  greatest  convenient  distances  time. 

In  this  country  we  grow  chiefly  root  crops,^om  plants  ripened  for 
teed,— legnminous  plants  sometmies/  for  seed  (peas  and  beans),  and 
som^mes  for  hay  or  fodder  (clover  and  tare8),*-and  grasses,  ana  theso 
in  alternate  years.  Every  four,  five,  or  six  years,  therefore,  the  cuhate 
of  the  same  class  of  plants  comes  round  a^ain,  and  a  demand  is  made 
upon  the  soil  for  the  same  kinds  of  food  in  me  same  proportion, 

I  nmher  countries— tobacco — flax — rape,  poppy  or  madia,  cultivated  for 
their  oily  seeds— or  beet  for  its  sugar,  can  oe  cultivated  with  profit,  and 
being  interposed  among  the  other  crops,  they  make  the  return  ol*  each 
class  of  plants  more  distant.  A  perfect  rotation  would  include  all  those 
classes  of  plants  which  the  soil,  climate,  and  otlier  circumstances  allow 
to  be  cnltivated  with  a  profit. 

2^.  A  sedoud  rule  is  to  repeat  the  same  species  of  plant  at  the  greatest 
convenient  distance  of  time.  In  com  crops  there  is  not  much  choice, 
MDOo  in  a  four  years'  ooorw  two  com  crops,  out  of  the  three  (barley, 
21* 
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wheat,  oats)  usually  ^iowq,  must  be  raised.  But  ef  ibe  legtmanaeifi 
crop*  we  have  the  choice  of  beans,  peas,  vetches,  and  clover— of  root 
crops,  turnips,  carrots,  beets,  and  poCatoes^^-whUe  of  grasses,  tiiere  is  a 
.great  variety.  Instead,  therefore,  of  a  ccmstant  repetition  of  the  turnip 
every  four  years,  theory  says-^make  the  carrot  or  the  putatoe  take  its 
place  now  and  then,  and  bstead  of  perpetual  clover,  let  tares  or  beans* 
or  peas,  occasionally  suQpeed  to  your  crops  of  com.  The  land  loves  a 
change  of  crop,  because  it  is  better  prepared  with  that  food  which  the 
new  crop  will  relish,  than  with  such  as  the  plant  it  has  long  fed  before 
continues  to  require. 

It  is  for  this  reason  that  new  species  of  crop,  or  new  varieties,  when 
first  introduced,  succeed  remarkably  for  a  time,  and  give  great  and  en- 
coura^ng  returns.  But  they  are  contiDued  too  long— till  the  soil  haa 
been  exhausted  in  ttome  degree  of  those  substances  in  which  the  new 
crop3  delighted.  Thoy  cease  in  consequence  to  yield  as  before,  and  fall 
into  undeserved  disrepute.  Give  them  a  proper  place  in  a  long  roCatioa, 
and  they  will  not  disappoint  you. 

It  is  constant  variety  of  crops,  which,  with  rich  manuring,  makes  our 
market  gardens  so  productive—and  it  is  the  possibility  of  growing  in  the 
fields  many  ditf'erent  crops  in  succession,  that  gives  the  fertility  ^a  gar- 
den to  parts  of  Italy,  Flanders,  and  China.* 

§  4.  Why  land  becomes  tired  ofdacer  {clover-sick). 

What  I  have  said  of  the  general  principle  might  be  supposed  to 
explain  fully  why  crops  fail  at  one  time  and  succeed  at  another — why 
tlie  soil  will  nourish  one  plant  well,  while  it  is  unable  adequately  to  sus- 
tain another.  But  a  brief  reference  to  the  case  of  tlie  clover  plant  will 
enable  us  to  see  how  modes  of  culture,  apparently  skilful  and  generous, 
may  yet  be  of  such  a  kind  as  to  lead,  sooner  or  later,  to  the  Inevitable 
failure  of  a  particular  crop. 

It  is  known  that  upon  many  well  cultivated  farms  the  lands  become 
now  an»l  then  tired  or  sick  ol  clover,  and  this  crop  failing,  the  wheat 
which  succeeds  it  in  a  great  measure  fails  also.  It  may  be  said  that  the 
soil  in  such  a  case  is  in  want  of  something,  and  so  it  is, — ^but  how  does 
this  deficiency  of  supply  arise  ?  Tlie  land  is  skilfully  managed  and 
has  been  well  manured,  and  the  failure  di  the  clover  crop  is,  therefore,  a 
matter  of  surprise. 

If  farm-yard  manure  be  copiously  applied  previous  to  the  root  crop, 
the  land  has  received  a  certain  more  or  less  abundant  return  of  all  those 
substances  tohich  the  last  rotation  of  crops  had  carried  off  from  ti,— -and 
which  the  new  rotation  will  require  for  food.  When  the  clover  comes 
round,  therefore,  a  supply  of  proper  food  is  ready  lor  it,  as  well  as  for 
the  wheat  which  is  to  follow. 

But  if  the  turnip  cn)p  be  raised  by  means  of  bones  only,  the  lime 

*  A  melh'^d  or  8np<*r.«A<ttDg  in  mme  measure  the  neceoaity  or  a  rotation  of  rmps  N  cte> 
•rribfihhT  Mr.  Xiinea  Wiiaivn  m  lone  practised  in  filietland,  hi  the  neifchboiurtKind  of  Ler> 
wirk.  "  It  is  kti  'wn  (hat  hear  hao  been  grown  in  the  same  patch  for  perhaps  KX)  jeara  auc- 
cesairelj,  and  this  they  managed  by  scarlfyiog  other  pait^  of  the  aronnd  (the  out-fieid  p^>^ 
tlfin),  and  reriovatinz  the  arable  patch  by  apreadinc  it  over  the  aurwce."  ThU  waa  varyicf 
the  soil  injtteati  of  the  crop.  A  five  yeara'  rotation,  hnwever,  i«  now  geitiof  loio  lavonr,  ana 
the  avf^rage  pmtiore.  aft»>r  llroina.  Of  fotmd  to  be  birreaaed  by  It  fniir.fi>ld.  In  this  distriet 
.  much  benrinc  reruae  is  employ etiaa  a  manure,  and  tlie  improved  laad  tola  at  9Ub.  an  men. 
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and  phosphoric  acid  which  the  earth  orix)nes  contains  are  almost  the  only 
kinds  of  inorg:inic  f  x).l  required  by  plants  t!iat  are  returned  to  the  floif. 
By  the  aid  of  the  animal  matter  and  the  small  supply  of  other  substances 
in  the  l)oaes,*  good  crops — and  especially  the  turnips  and  the  corn  which 
immediarely  follows  them— »may  be  raised  for  a  few  rotations,  but  at 
every  return  the  clover  and  wheat  will  become  more  unhealthy,  till  they 
at  length  appear  to  sicken  upon  the  land.  Neither  bones  nor  rape-dust 
nor  any  such  single  substance  can  replace  farm-yard  manure  for  an  in- 
definite period,  because  it  does  not  contain  all  the  substances  which  the 
entire  rotation  of  crops  requires. 

If  wood-ashes  be  used  along  with  the  bones,  the  bad  effects  I  have  des- 
cribed will  be  much  longer  delayed — they  may  even  be  delayed  indefi- 
nitely, since  wood-ashes  are  said  to  be  especially  ftivourable  to  the  growth 
of  clover  and  other  leguminous  plants,  (p.  353),  and  this  because  they 
contain  those  substances  which  the  clovers  require. 

It  thus  appears,  therefore,  that  while  the  failure,  upon  a  given  spot,  of 
a  crop  which  formerly  grew  well  there,  is  explained  generally  upon  the 
principle  that  the  soil  has  bccom'*  deficient  in  something  which  tne  crop 
requires— the  cause  of  this  deficiency  may  not  unfrequently  be  found  in 
the  mode  of  culture,  or  in  the  species  of  manuring  which  the  land  has 
received.  The  cause  being  discovered,  the  remedy  is  easy.  Cease  to 
employ  exclusively  the  manure  with  which  your  land  has  hitherto  heea 
d^;essed.  Mix  your  bones  or  rape-dust  with  wood-ashes,  with  gypsum, 
or  with  other  portable  manures  in  which  the  necessary  food  of  your 
crops  is  present— or  employ  farm-yard  manure  now  and  then  in  their 
stead,  and  you  will  apply  the  most  likely  remedy.  Unless  this  be  done, 
it  will  be  of  comparatively  little  service  to  vary  the  species,— to  substi- 
tute tares  or  beans  for  the  clover, — since  these  also  will  refuse  to  grow 
while  the  same  incorrect  system  of  manuring  is  persisted  in. 

I  have  already  drawn  your  attention  (p.  477)  to  the  falling  of  the 
clover  crops  in  certain  parts  of  Staffordshir«»,  where  the  turnips  are 
raised  by  means  of  rape-dust— and  of  tlie  mo<le  of  improving  them  by  a 
top-dressing  of  farm-yard  manure.  Were  this  manure  laid  in  with  the 
turnips,  the  after  top-dressing  would  most  probably  not  be  required. 

§  6.  Of  ike  theory  of  fallows. 

By  fallowing,  it  has  been  known  in  all  ages  that  the  produce  of  the 
land  was  capable  of  being  increased.  How  is  this  increase  to  be  ac- 
counted for?  We  speak  of  leaving  the  land  to  rest,  but  it  can  never 
really  become  wearied  of  bearinir  crops.  It  cannot,  through  fatigue,  lie 
in  need  of  repose.  In  what,  then,  does  the  efficacy  of  naked  fallowing 
consist  ? 

1°.  In  strong  clay  lands  one  great  benefit  derived  from  a  naked  fallow 
is  the  opportunity  it  affords  for  keeping  the  land  clean.  In  such  soils  it 
is  believed  by  many  that  weeds  cannot  possibly  be  extirpated  without  an 
occasional  fallow.  It  is  certain  that  nake<)  fallows  are  had  recourse  to 
in  many  places  for  the  purpose  of  cleaning  the  land,  where  if  it  could 
easily  have  been  kept  so  by  other  means  they  would  not  have  beea 
adopte«l.  Is  it  not  the  ca<ie  on  some  farm^  that  a  ne((lect  of  other  avail- 
able methods  of  extirpating  weeds  has  rendered  necessary  the 
*  For  the  compomtion  of  booei,  m«  paf«  446w 
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of  a  naked  fallow,  while  on  similar  farms  in  the  same  neighbourhood 
they  can  easily  be  dispensed  with  ? 

2<^.  In  a  naked  fallow,  where  the  seeds  are  allowed  to  sprout,  and 
young  plants  to  shoot  up,  which  are  afterwards  ploughed  in,  the  land  is 
enriched  by  a  green  manuring  of  greater  or  less  extent.  If  weeds  abound, 
the  enrichmg  is  the  greater— if  they  are  more  scanty,  it  is  less — ^but  in 
almost  every  instance  where  land  lies  without  an  artificial  crop  during 
the  whole  summer,  it  crop  of  natural  herbage  springs  up,  the  burying  of 
which  in  the  soil  must  be  productive  of  considerable  good. 

3°.  When  land  is  assiduously  cropped,  the  surface  in  which  the  roots 
chiefly  extend  themselves  becomes  especially  exhausted.  In  indiSer- 
ently  worked  land  some  parts  of  this  surface  may  be  more  exhausted  than 
others.  By  leaving  such  soils  to  themselves,  tlie  rains  that  fall  and  more 
or  less  circulate  through  them  ecjuaUze  the  condition  of  the  whole  sur- 
face 8oil«-in  so  far  as  the  soluble  substances  ii  contains  are  concerned. 
Tiie  water  also,  which  in  dry  weather  ascends  from  beneatli,  brings 
with  it  saline  and  other  soluble  compounds,  aiid  imparts  them  to  the  up- 
per layers  of  the  soil.  Thus,  by  lyin§  fallow,  the  land,  becomes  equa- 
bly furnished  over  its  whole  surface  with  all  tliose  substances  renuired  by 
plants  which  are  anywhere  to  be  found  in  it.  The  roots  of  the  crop, 
therefore,  can  more  readily  procure  them,  and  tlms  the  plants  more 
readily  and  more  quickly  grow.  In  some  cases,  tliis  beneficial  action  of 
tlie  naked  faUow  toiUf  to  a  certain  extent^  make  up  for  shallow  ploughing, 
and  for  injnifficiefU  toorking  of  the  land. 

40.  It  is  known  that  the  subsoil  in  many  places  is  of  such  a  nature 
that  it  must  be  turned  up  to  the  surface,  and  exposed  for  a  considerable 
period  to  the  action  of  the  air,  before  it  can  be  safely  mixed  with  the  sur- 
face soil.  To  a  less  degree  stiff' clay  lands  acquire  tliis  noxious  (|uality 
during  the  ordinary  course  of  cropping.  Air  and  water  do  not  find  their 
way  uuough  them  io  sufficient  quantity  to  retain  them  in  a  healthy 
condition,  and  thus  they  require  an  occasional  fallow  with  repeated 
ploughings,  that  the  air*and  the  rains  may  have  access  to  their  inner- 
most parts.  I  do  not  detail  the  specific  chemical  changrs  which  are  in- 
duced by  this  exposure  to  the  air  and  rain ;  it  is  sufficient  that  tiiey  are 
of  a  kind  to  reiider  the  soil  more  propitious  to  the  growth  of  crops,  to 
satisfy  us  that,  upon  very  stiff  lands,  one  of  the  benefits  of  fallowing  is  to 
be  thus  accounted  for. 

We  have  seen  that  one  of  the  important  benefits  of  draining  is  tlie 
permeability  it  imparts  to  the  soil.  The  surface  water  is  permitted  to 
escape  downwards,  and  as  it  sinks  to  the  drain  the  air  follows  it,  so  tliat 
the  very  deepest  part  of  the  soil  from  which  tlie  water  runs  ofT,  is  ren- 
dered wholesome  by  the  fVequent  admission  of  new  supplies  of  atmos- 
pherte  air. 

It  thus  appears  that  in  a  certain  sense  draining  and  fallowing  way 
take  the  place  of  each  other— ^at  where  there  is  no  drainage,  fallowing 
is  more  necessary  and  will  partially  supply  its  place,  and  that  where  a 
c[nod  drainage  exists,  the  use  of  naked  fallows  even  uixin  stiS*clay  lands 
becomes  less  necessary. 

5^.  I  have  already  had  occasion  to  speak  of  tlie  existence  of  organic 
(anlnial  and  vegetable)  matter  in  the  soil,  in  a  so-called  inert  state— a 
»tat«  in  which  it  underfoes  decay  very  slowly,  and  thus  only  in  a  small 
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degree  discharges  those  functions  for  which  vegetable  matter  in  the  soil  is 

riall^r  destined.  In  stifT  clays  also,  the  roots  of  plants,  without  actu- 
attaining  this  inert  state,  vet  decay  with  extreme  slowness  in  conse- 
Suence  of  their  being  so  completely  sealed  up  from  the  access  of  the  air. 
n  both  pases  the  frequent  and  prolonged  exposure  which  a  naked  fallow 
occasions,  induces  a  more  rapid  decay  of  this  vec^etable  matter,  or  brings 
it  into  a  state  in  which  its  elements  more  readily  assume  those  new 
forms  of  combination  which  are  capable  of  ministering  to  the  sustenance 
and  growth  of  plants. 

Among  the  other  compounds  which  are  produced  (p.  161)  during  this 
prolonged  exposure  and  more  rapid  decay  of  the  organic  matter  of  the 
soil,  nitric  acid  is  one  which  appears  to  exercise  a  considerable  in- 
fluence u(x>n  the  future  fertility  of  the  land.  The  favourable  action  of 
the  nitrates  in  promoting  vegetable  growth  is  now  well  known,  and 
the  more  rapid  formation  of  these  compounds,  when  the  land  lies  na- 
ked to  the  action  of  the  sun  and  air,  must  not  be  neglected  among  the 
fertilizing  influences  of  the  siimmer  fallow. 

6°.  The  soil,  besides  the  clay,  (quartz)  sand  and  lime  of  which  it 
chiefly  consists,  contains  also  fragments  of  mineral  substances  of  a  com- 
pound nature— of  felspar,  of  mica,  of  hornblende— of  those  minerals 
which  constitute  or  which  occur  in  the  granitic  and  trap  rocks.  These 
slowly  decomfiose  in  the  soil — more  rapidly  also  the  more  freely  they 
are  exposed  to  the  air — and  the  substances  (potash,  soda,  lime,  magne- 
sia, silica,  dec,*)  which  they  contain,  are  by  this  decomposition  diHused 
more  equably  and  brought  within  the  more  easy  reach  of  the  roots  of 
plants.  When  these  mnierals,  therefore,  exist  in  the  soil,  and  when 
their  constituents  are  of  such  a  kind  as  to  favour  the  growth  of  any  given 
plant,  the  effect  of  a  naked  fallow  being  to  produce  an  accumulation  of 
their  constituent  substances  in  tlie  soil,  it  will  be  so  far  favourable  in  pre- 
paring the  land  for  an  after-crop  of  that  particular  species  of  plant. 
Vou  are  not  to  be  misled,  however,  by  any  broad  and  unguarded  state- 
ments of  scientitic  men,  so  as  to  imaguie  ior  a  moment  that  the  benefi- 
cial effects  of  fallowing  in  any  case  are  to  be  solely  ascribed  to  the  oper- 
ation of  this  one  cause.f 

7°.  The  rains  bring  down  upon  every  soil  periodical  supplies  of  ad 
those  saline  substances— -common  sah,  gypsum,  salts  of  lime,  of  mag- 
nesia, and  of  potash  in  minnte  quantity — which  exist  in  the  sea,  and  of 
nitrate  of  ammonia,  produced  or  present  in  the  air.  If  any  soil  be  defi- 
cient in  these,  then  a  year's  rest  from  cropping,  by  allowing  them  to  ac- 
cumulate, may  cause  the  succeeding  herbage  to  exhibit  a  more  luxuriant 
growth. 

8°.  The  same  remark  applies  to  soils  into  which  springs  from  beneath 
bring  up  variable  quantities  of  lime  and  other  substances  which  the  wa- 
ters, hold  in  solution.  Such  springs  are,  no  doubt,  of  much  benefit  in 
flome  districts,  and  when  die  supply  they  convey  is  scanty,  a  year's 
accumulation  may  impart  additional  fertilitjr  to  the  fallowed  land. 

9°.  Besides  that  beneficial  action  of  tlie  air  to  which  I  have  already 
adverted  (4°  and  5°),  and  which  is  to  be  ascribed  mainly  to  the  influ- 

*  For  tha  contmuUon  of  these  mlnenl  «ab8taoe«t,  aee  pp.  B67  to  96a 
J  Fallow  it  th«  Cinn  appUed  lo  Und  Uft  atrmt/orfurtktrdmnUtratton.'^JAtlbii'*  Orgmdc 
aUmrtn  f  app^  t9  AgriaaUmre,  p»  149. 
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ence  of  the  oxysen  it  contains— the  exposure  of  the  naked  soil  to  the  at* 
mosphere  for  a  length  of  time  is  said  hy  some  to  be  productive  of  another 
good  effect.  The  atmosphere  contains  a  small  and  \'ariable  portion  of 
ammonia  (p.  156).  Of  this  ammonia,  a  jiortion  is  bipught  down  by  the 
rains  and  a  portion  is  probably  absorbed  by  the  leaves  of  plants  as  diey 
spread  themselves  through  the  air.  But  the  clay,  tiie  oxidb  of  iron,  and 
the  organic  matter  of  the  soil  arc  supposed  also  to  have  the  power  of 
extracting  diis  ammonia  from  the  atmosphere  and  retaining  it  in  their 
pores.  If  so,  the  more  the  soil  is  ex|x)sed,  and  for  the  longer  period 
to  the  air,  the  more  of  this  substance  will  it  extract  and  absocb.  If 
turned  over  by  frequent  ploughing,  it  will  be  able  to  drink  it  in  more 
abumlajitly,  from  the  greater  surface  it  can  present  to  the  passing  winds; 
and  if,  besides,  it  be  kept  naked  lor  an  entire  year,  a  still  larger  accumu- 
lation must  take  place.  And  as  this  ammonia  is  known  in  many  cases 
to  be  favourable  in  a  high  degree  to  the  growth  of  plants,  it  is  not  tin- 
reasonable  to  believe  that  if  thus  ahsorhedin  auanlityfrom  the  air^  it  should 
be  one  source  at  least  of  the  augmented  fertility  of  fallowed  land. 

To  one  or  other— or  to  all  of  these  causes  combined— the  acknowledged 
benefit  of  naked  fallows  is  in  a  great  degree  to  be  ascribed. 

Of  green  or  fallow  crops  little  need  be  said  in  addition  to  what  I  have 
already  laid  before  you  in  reference  to  the  rotation  of  crops.  The  green 
crop  demands  a  comparatively  small  supply  only  of  those  inorganic  sub- 
stances which  the  corn  crops  specially  require.  During  its  growth, 
therefore,  these  latter  accumulate  in  the  same  way,  though  in  a  some- 
wliat  less  degree  than  during  a  naked  fallow.  But  the  additional  vege- 
table matter  antl  manure  which  the  green  crops  introduce  into  the  soil, 
and  the  large  supplies  of  inorganic  matter  which  such  of  them  as  are 
deep-rooted  bring  up  from  beneath,  amply  compensate  for  any  diminu- 
tion they  may  cause  in  the  benefits  which  are  usually  derived  firom  the 
naked  fallow. 

§  7.  Cy  wheat  and  wheaten  Jlour. 
The  grain  of  wheat  in  the  hands  of  the  miller  is  readily  separated  into 
two  portions— the  husk,  which  forms  die  bran,  and  the  greater  portion 
of  the  pollard— and  the  kernel,  which,  when  ground,  forms  the  wheaten 
flour.  The  relative  weights  of  these  two  parts  vary  very  much.  Some 
varieties  of  grain  are  much  smoother,  more  transparent,  and  thinner 
skinned  than  others,  and  yield  in  consequence  a  larger  return  of  the 
finest  flour.  In  good  wheat  the  husk  amounts  to  14  or  16  percent,  of 
the  whole  weight*— though  the  <]uantity  separated  by  die  miller  is 
sometimes  not  more  than  |th  (or  11  per  cent.)  of  the  weight  of  the 
wheat.  In  making  the  fine  white  flour  of  the  metropolis  and  other 
larse  towns,  about  ^th  of  the  whole  is  separated  in  the  form  of  pollard 
and  bran.    The  proportion  of  the  husk  that  can  be  silled  out  at  the  mill 

*  Boussingaiilt  found  u  much  aa38X  percenr.  nrhnsk  on  a  wfnter  whrat  frown  In  tba 
botanic  g^nSten  of  Paria.  Three  Iota  of  good  English  vrheat,  ground  at  Mr.  RobaoB'a  mill  ta 
7>ttrliaiii,  gave  per  cent  reapeolirelj'- 

FineiliMir 74  2  751  ns 

Bozinca 9-0  8-3  6-1 

Sharps 68  6«  6« 

Bran 78  70  69 

Waate ( 32  3-0  36 

WO  MO  IflO 
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depends  considerably  upon  the  hardness  of  the  grain.  From  such  as  is 
iofl  it  peels  od'in  flakes  under  the  stones,  whereas,  when  the  erain  and 
husk  are  flinty,  much  of  the  latter  is  crushed  and  ground — adding  to  the 
weight  of  the  flour,  but  giving  ita  darker  colour,  and  lowering  its  quality. 

The  country  millers  generally  separate  their  wheaten  flour  by  sifting 
into  four  parts  only — 6ne  flour,  boxings,  sharps  or  pollard,  and  bran. 
In  London  and  Paris  no  less  than  six  or  seven  qualities  are  raanufac* 
tured  and  sold  by  the  millers.*  The  value  of  ihe  wheat  to  the  miller 
depends  very  much  upon  the  quantiiy  of  Bne  flour  it  will  yield,  though 
he  cannot  always  judge  accurately  of  this  point  by  simple  inspection. 

The  experimental  wheats  of  Mr.  Burnet,  of  Gadgirtli,^^  raised  all  from 
the  same  seed  differently  manured,  gave  respectively  54 J,  63*,  65|, 
66i,  68J,  and  76*  lbs.  of  fine  flour  from  100  of  wheat,  so  that  the  kind 
of  manure  applied  to  the  land  appears  materially  to  affect  the  relauve 
proportions  of  flour  and  bran. 

Again,  Colonel  le  Couteur's  samples  of  wheat  (p.469)  of  different  va- 
rieties, grown  under  the  same  circumstances,  gave  from  one  field  60 1 
and  79}  lbs.,  and^from  another  72^  and  78 J  lbs.  from  100  of  wheat — so 
that  upon  the  variety  of  seed  sown  aUoy  though  in  a  less  degree,  the  quan- 
tity oi  fine  flour  is  dependent.  ' 

§  8.  Of  the  composition  of  wheaten  flour. 

1°.  Water, — When  wheat  is  kept  for  ayea^  it  loses  a  little  water,  be- 
coming one  or  two  poun<ls  a  bushel  heavier  than  before.  When  put  into 
the  mill  and  groundnt  becomes  very  hot,  and  gives  off* so  much  watery 
vapour,  that  the  flour  and  bran,  though  together  nearly  twice  as  bulky, 
are  nearly  3  per  cent,  lighter  tlian  the  grain  before  it  was  ground.  A 
further  loss  of  weight  is  t^aid  to  take  place  wlien  the  flour  is  kept  long  in 
the  sack.  If  fine  flour  be  slowly  heated  to  a  temperature  not  higher 
than  220  for  several  hours,  it  loses  a  quantity  of  water,  which,  in  up- 
wards of  20  samples  of  English  flour  which  I  nave  examined,  has  varied 
from  15  to  17  per  cent,  of  the  whole  weight.  It  may,  therefore,  be  as- 
sumed, that  English  flour  contains  neaily  a  sixth  part  of  its  weight  of 
water— or  every  six  pounds  of  fine  flour  contain  nearly  one  pound  of 
water. 

2°.  Gluten,  albumen^  caseine,  starchy  ^"w»»  flwr/  w^ar.— When  the 
flour  of  wheat  is  made  into  dough,  and  is  then  washed  carefully  with 
successive  portiohs  of  water  upon  a  fine  gauze  or  hair  sieve,  as  long  as 
the  liquid  passes  through  milky,  the  flour  is  separated  into  two  ]»ortion8— 
the  starrhf  which  subsides  from  the  water,  and  the  gluten,  which  remains 
in  the  sieve  (p.  116).  If  the  water  be  }X)ured  off',  aOer  the  starch  has 
subsided,  and  be  heated  nearly  to  boiling,  it  becomes  troubled,  and  flakes 
of  vegetable  albumen  (p.  117)  are  seen  to  float  in  it.     On  setting  aside  to 

*  These  are  celled  retpeclivelj  lo  Londoo  and  Parie— 

London.  t*uri».                       Oifled. 

Fine  flour.  Whitp  flour*,  let  qaaJitjr,  de  t>l6. 

Secoruie.  do.           2(!      do.     de  1«  ffruaa. 

Fine  middlln^v.  do.           3d      do.     de2»fruaa. 

Coar»e  middling.  Brown  tneal9,4(h    do.     de3»gniau. 

Pollnrd.  do.           5(h    do.     de4«(njaa. 

Tweniypeniif.  Bran,  fine  arnl  coarne. 

Bran  Waate,  ice.,  Remoulage  and  Recoope. 

*  Fife  802,  Md  Appendix,  pp.  M  and  7a 
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cool,  the  flaky  powder  falls  to  the  bottom,  and  may  he  collected,  driedi 
and  weighed.  If  the  water,  after  filtration,  be  evaporated  to  drAnese  on 
the  water  bath,  a  residue  will  be  obtained,  \s  hich  consists  chiefly  of  sola* 
ble  sugar,  gum,  and  saline  matter,  with  a  little  fatty  matter,  and  sparingly 
soluble  caseive*  (p.  117). 

3°.  Gluline  ana  oil, — If,  further,  the  crude  gluten  be  boiled  in  alco- 
hol, a  solution  is  obtained  which,  on  cooling,  deposits  a  w-hite  flocky  sub- 
stance, having  much  resemblance  lo  casdne.  When  the  clear  8oluti<m  is 
concentrated  by  evaporation,  water  separates  from  it  an  adhesive  mass, 
which  consists  of  a  substance  to  which  the  name  of  ghtine  is  given, 
mixed  with  a  little  oil.  By  digesting  the  mixed  mass  in  ether  ihe  ofl  is 
dissohed  out  from  the  glutine,  and  may  be  obtained  in  a  pure  state  by 
evaporating  the  ethereal  solution.  This  oil  jjossesses  the  general  pro- 
perties of  3ie  fatty  oils,  or  of  butter.  As  it  is  partly  wash«l  out,  how- 
ever, along  with  the  starch,  the  whole  of  the  fatty  matter  of  the  flour  is 
best  obtained  by  boiling  it  in  a  considerable  quantity  of  ether. 

4°.  VegttaUe  Jihrine.'^The  crude  gluten,  after  boiling  in  alcohol,  has 
much  resemblance  to  the  fibre  of  lean  beef,  and  has  therefore  been  named 
vegetable  ti brine.  When  burned,  it  leaves  behind  an  ash,  containing, 
among  otlier  substances,  the  pliosphates  of  lime  and  magnesia,  wliich 
are  to  be  considered  also  as  among  the  usual  coustiluents  of  wheaten 
flour.* 

Thus,  fine  wheiaten  flour,  in  addition  to  the  w^ater  it  contains,  and  to 
the  small  quantity  of  bran  %vhich  is  ground  up  along  with  it,  consists  of 
vegetable  fibrine,  albumen,  caseine,  glutine,  starch,  sugar,  gum,  oil  or 
fat,  besides  the  saline  substances,  chiefly  phosphates,  which  remain  in 
the  form  of  asli,  when  the  flour  is  burned.  All  these  substances  varj'  in 
quantity  in  diHerent samples  of  flour, — ^their  relative  proj»ortion8  appear- 
ing to  depend  upon  a  variety  of  circumstnnces  as  \et  Ihtle  understood. 
In  the  various  analyses  of  flour  that  helve  hitherto  been  jmblished,  little 
attention  has  been  paid  to  the  per-centagcof  oil,  of  glutine,  or  of  caseine, 
which  the  specimens  examined  have  severally  contained.  In  general, 
the  weight  of  the  crude  gluten  only  has  been  estimated,  without  eztraci- 
ing  from  it  either  the  oil  or  the  glutine. 

The  following  table  exhibits  the  approximate  composition  of  some 
varieties  of  French  and  Odessa  flour  as  determined  many  years  ago  by 
Vauquelint : — 

*  This  catelne  beftns  to  fnna  «  pellicle  on  the  «arface^  wben  the  liquid  ia  concenfrated  bj 
evaporailon,  nrid  though  it  !•  generally  present  only  in  a  small  pniporfion  {H  to  1  per  cenL^ 
yet  the  comparRfive  quanfiiles  pre»eol  In  two  Mnplea  of  flour  may  be  juf^ed  of  by  Um 
abundance  in  wtiich  liie  pellirle  is  formed. 

t  The  Mline  and  other  inorganic  mntrer  of  grain  resides  chiefly  in  Ihe  huak,  m  majr  b« 
seen  by  itre  relative  quaniilies  of  ash  left  by  the  flour,  bmn,  Ac,  of  several  aamplea  uf  Ee(^ 
Ush  and  Foreign  wlieat  aa  determined  in  my  laboratory — 

WHERB  OROWH.               FioeFlour.     Buxinga.  Sharps.  Bran. 

10.  Sunderland  Bridge,  near  ^  ,^  4^  ^.g  -« 

Durliam j  " 

20.  KImbleFWOiih,  do 116  38  4-9  6-7 

ao.  Hiiiijihali.  do CMW  30  6«  71 

40.  PlHW8worth,do OiO  27  6-6  7-6 

6°.  StHtin. 1-1  4-6  6-a  6-9 

60.  Odessa M  4^  6-6  fi-O 

t  Dumas*  Traiti  dt  OUhms,  tL  p.  »B. 
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ooxFOsiTioir  ov  THji  rLotrm  op 


Water. , 
Gluten.. 
Starch.. 
Buitdir.., 
Oiun  ., 
BMa... 


French  Wheat 

(Mean  Wheat 

1st      2d     Pj;'- 

qaalUT.  quality.  %«j; 

100        120        lOO 
110          7-3         101    . 
716        7^0        72-8    • 
4  7          64          4-2 
33          8-3          8-8 

™,-,-      Boft  Wheat 
wneat   ^^^^^^^J^  qiuUlir. 
120       'lOO         80 
140        120       120 
666        620       7U« 
8-6          74         4  9 
4-9          6«        40 
23          1^         - 

100-6        100         lOO  98-8         964     100-3 


^9*  Of  the  influence  of  soU  and  climate  on  the  composition  ^ 
toheaten  JUntr, 

1^.  The  nature  of  the  soil  has  a  sensible  influence  upon  the  composi- 
tion of  the  grain  that  is  reaped  from  it.  The  proportion  of  gluten,  for 
example,  is  said  to  be  generally  greater  in  grain  which  is  reaj)ed  from 
calcareous  soils,  or  from  such  as  abound  in  organic  matter.  In  the  north 
of  Ireland,  thi8  fact  has  been  observed  in  regard  to  the  wheat  grown  in 
the  limestone  districts ;  and  the  millers  of  the  midland  counties  of  Eng- 
land (on  the  new  red  sandstone)  are  accustomed  to  mix,  with  tlieir  native 
cora,  that  of  the  chalk  districts  to  the  east  and  south,  for  the  purpose  of 
giving  additional  strength  to  their  flour. 

Climate. — The-  wheat  of  warm  climates  also  is  supposed  usually  to 

contain  more  gluten.     Thus  flour,  prepared  from  some  Eastern  wheats, 

compared  with  that  from  others  of  French  growth,  was  found  to  contain 

water  and  dry  gluten  in  the  following  proportions: 

Water,  Gluten, 

per  cent  per  cent 

French,     Saissette 15-1  12«7 

Rochelle 12-9  11-2 

Bri6 13-6  10-7 

Tuzelle 13-0  8-3 

Odessa 13-0  15.0 

Taganrog* 12-6  22-7 

The  tjnantity  of  gluten  contained  in  English  flour  has  generally  been 
stated  muoh  too  high.  Thus,  Sir  Humphrey  Davyf  says  that  he  ob- 
tained from  the  flour  o^ 

Gluten,  Gluten, 

per  cent  per  cent 

English  winter  wheat     19  Barbary  wheat    23 

English  spring  wheat    24  Sicilian  wheat    21 

^-and  others  have  given  numbefs  nearly  as  high.  But  the  gluten  is 
very  difficult  to  dry,  and  I  believe  that  the  large  per-centage  of  this  sub- 
stance assigned  hy  previous  experimenters  has  arisen  from  the  water  not 
being  sufficiently  expelled  from  it  by  prolonged  heating  to  '220°  F.  I 
select  the  following  from  a  greater  number  of  determinations,  carefully 
made  in  my  laboratory : — 

*  Tefttirog,  at  the  bead  of  the  aea  of  Asopb,  esporU  Dm  pradoce  of  the  banks  of  fb«  | 

IKm. 

i 
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WelfhC  Water 

per         in  CHiMan.  «> 

man  of  wbbat.  biubeL  Fbiur.  wbbmi  obowk. 

ItM.      uercL  percL 

lUdSofUsh  ...    624         17  6         d-L  At  SunderUnd  Bridfe,  near  DarbuB. 

**       **       ....    64         )6'4  9-6  At  KimblMwurtlu  near  Durham. 

**       "*       ....    6i  15-0         8-6  At  Hoim hall,  near  Durham. 

**       **       ....    6Jf         16«  9-9  Near  Nofth  Dei^iiioa.  Yurkahira. 

White**       ....    63  15-6         7-5  Ac  Piawawonh,  iieio- Durliun, 

**        Scotch..    614         16'^       9^  At<i4asinh,oearA7rcAppaodix,iK6B.) 

Red  fketun 63  14«         86 

•«    Odeaaa..  .    61  15-9        11-6 

In  all  these  cases  the  quantity  of  gltiten  falb  far  short  of  that  assigned  to 
Engli«(h  flour  by  Davy ;  yet  we  may  safely,  I  think,  conclude  froiii  them 
that  English  flour  seldom  contains  more  than  10  per  cent,  of  dry  gluten. 
The  flour  from  North  Deighton,  which  gave  9*9  per  cent,  was  grown 
upon  a  thin  limestone  soil,  and  m&y  perhaps  owe  its  larger  per-centagp 
to  this  circumstance. 

But  these  numbers  do  not  indicate  the  exact  quantity  of  nitrogen-hoid« 
ing  food  which  these  flours  contained.  For. in  the  gluten  there  is  al- 
ways present  a  variablequantity  of  fatty  matter  which  contains  no  nitrrigeiiv 
and  which,  if  extracted,  would  lessen  considerably  the  weight  of  the  glu- 
ten in  some  of  the  flours.  On  the  other  hand,  however,  the  water  em* 
ployed  in  washing  out  the  starch  holds  in  solution  some  albumen  and 
casein,  which,  having  the  same  composition,  might  be  added  to  the  glu- 
ten, and  would  sensibly  increase  its  weight.  Thus  in  a  sample  of  flour* 
giown  in  Ayrshire  I  found-* 

Gluten        ....        9*3    per  cent. 

Albumen    ....        0*45  per  cent. 

Casein        ....        0*40  percent. 

Making  in  all . . .       10-15  ofsubstances  which  contain 
nitrogen  in  nearly  equal  proportions. 

We  probably,  therefore,  do  not  greatly  err  in  general  in  estimadng 
the  nutritive  value  of  wbeaten  flour— in  so  far  as  it  depends  upon  these 
nitrogenous  compounds^by  the  per  centageof  dry  gluten  which  a  care- 
ful washing  enables  us  to  separate  from  it.  FurtJier  researches,  how- 
ever, which  are  now  in  progress,  will  throw  much  additional  light  upon 
this  subject. 

§  10.  Influence  of  variety  of  seed  t  of  mode  ofadlure^  of  tim^of  cuUtng^ 
and  of  special  rlianures^  on  the  composition  oftcheaL 
1°.  Variety  of  seed  and  mode  ofrutjiare. — The  influence  of  these  two 
circumstances  upon  the  relative  proportions  of  bran  and  gluten  are  shown 
by  the  following  results  of  the  examination  by  Bous$ingauUf  of  several 
varieties  of  wheat  grown  in  the  Botanic  Garden  at  Parrs— 

Hiiak  or  Biua  Flnar  Water  Gluten.  &«. 

In  the  Oraln.  in  the  Grain.  In  the  Flour.  In  Uie  Flmur. 

per  cenL  per  cent  per  cenL  per  cent. 

Cupewheat 19  bl  7-0  20« 

KumlBQ  wheat 19  82  6^4  24^^ 

Dantsiewheal. 24  76  7^  25-6 

Red  Foix  wheal 186  816  93  96  1 

Barrelwheal 22  78  83  277 

WlolerwheAt 38  62  141  aa 

*  No.  9   AppendK,  p.  I7L 

t  Aimalm  4a  Ckim.  ti  de  Pkys,  Ur.,  p.  311. 
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In  all  thft  lamples  the  Imm  aild  glnten  are  boch  rery  faighv  but  thej 
my  much  in  the  leveral  varieties. 

The  glttleo  iaclcides  the  albamen  and  casein  and  other  substances  con- 
tainmg  niteogen,  bat  even  thoagfa  grown  in  the  rich  soil  of  a  botanic  gar- 
den, I  fear  the  sum  of  these  has  been  estimated  much  too  high.*  The 
aame  variety  of  wheat  grown  in  the  open  Belds  in  Alsace  gave  17*3  of 
gfaiten,  and  in  the  Botanic  Garden  of  Paris,  36*7  of  gluten. 

S9.  The  time  of  cutting  afiects  the  weight  ofpaiduce,  as  well  as  the 
xekitive  proportions  of  flour,  bran,  and  gluten*  Thns  from  3  equal  patch* 
es  of  the  same  field  of  wheat  upon  thin  iimestone  soil  at  North  Deighton, 
in  Yorkshire,  ^eut  respectively  30  days  before  the  crop  was  fbUy  ripe,  10 
days  before  ripeness,  and  when  fully  ripe,  the  produce  was  in  grait^'^ 

,  20  day  before.  10  deye  before.  FoDj  ripe. 

166  lbs.  220  lbs.  209  lbs. 

and  the  per-centase  of  flnnr,  sharps,  and  bran,  3rielded  by  each,  and  of 
water  and  gluten  m  the  flour,  was  as  follows  :— 

m  rn  obaim  fsr  oairr.      m  ths  flottb  rb  obht. 

WBSM  OU*.  r  •  •'         »       '  — ^       /  ■     .*      »  ^ 

Flour.  Sharps.  Bnui.  Water.  Gliitea. 

fO  deye  befhre  tt  wee  ripe 74  7  74  17-6            15  7              9-3 

10  deye  before 791  6-5  134            KS               99 

FaUy  ripe 72-S  HO  160            16  9               9« 

When  cut  a  fortnight  before  it  is  ripe,  therefore,  the  entire  produce  of 
grain  is  greater,  the  yield  of  flour  is  lar^r,  an(^f  bran  considerably  less, 
while  the  proportion  of  gluten  contained  in  the  flour  ap))ears  also  to  be 
hi  favour  of  thai  which  was  reaped  before  the  com  was  fully  ripe.f 

3^.  Speaal  manures.^-\t  is  said  that  the  employment  of  manures 
which  are  rich  in  nitrogen  not  only  causes  a  larger  crop,  but  also  produ- 
ces a  iB^ain  which  is  much  richer  in  f^luten.  The  experiments  which 
have  hitherto  been  chiefly  relied  upon  in  proof  of  this  result  are  those  of 
Herrobstadt.  On  ten  patches,  each  100  square  feet,  of  the  same  soil  (a 
sandy  loam)  manured  with  e<^iuil  weights  of  different  manures  in  the  dry 
state,  he  sowed  equal  auantities  H  lb.)  of  the  same  wheat— collected, 
weighed,  and  analysed  the  produce.  His  results  are  represented  in  the 
idlowing  tabled 

A  h  h  It  b  It  It  ttUl  il 

OS  si  «-o  O-a  tCs  ec-s  A.-7  Q^  >     S  Pa 

lytam ...llfnia.  N  fsld.  Infold.  ISfoU.  ISfoM.  lOfold.  9fokS.  TfoUl  6fold  SfoM. 

Wafer 4-3  4-2  4"2  43       4-2       43  *4-3  42  4-2  4*2 

Olialen 342  339  33-9  32-9  361  13-7  122  1120  96  9*2 

Albiun«>o 10  1-3  1-3  1-3       14       11  09  10  0-8  0*7 

flmreh .41-3  41 '4  42'8  424  89-9  61*6  632  623  05-9  66-6 

fliMnr 1-9  1-6  I'S  1*5       1-4        1-6  1*9  1-9  1-9  1*9 

Gom 1-8  1*6  1-6  I'S        1-6        1-6  1-9  1-9  1-6  IS 

PkliyOil 0-9  1-1  1-0  0-9        1-0        I'D  0*9  1*0  I'O  1-0 

llolubl«Pho«phBt«e.fte.  0-5  0-ft  0*7  0*7       0>9       00  OR  0  6  0-5  0-8 

HiMkeodbnm 13-9  140  13  8  14-2  H-2  14  0  14  0  14*9  14*0  140 

99^     99-7     9?7     99^      »7     »5     99'8     W7     998     997 

The  large  per-centage  of  glnten  obtained  by  the  use  of  the  first  five 

*  lo  Iheae  flnom  th«  clut^n  wee  not  deCermliMH  bv  weshlnff  nut  the  sterchf  but  bj  a  more 
rf>flned  method  nf  uUim/t/e  honlyai*,  ee  li  h  ca(1«h1,  hjr  which  ih«  per-''«»nfei!e  of  nifrocen  ie 
decermiOMf,  end  the  pmporclnn  Af  fflut^n,  Ar.,  calrtikt^d  (tnm  thla  Wh^n  iho  p^r-rentege 
of  nitrogen  In  email,  as  in  wh^a'en  flour,  ihte  method  U  np«'n  to  mnny  aourve  of  error. 

*  Oss apsper bf  Mr. Ma  Hbbomb,  Qnmttrlf  Journal  qf  A§riemUm9,  Ivili,  p.  17a 
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mRFiuies  «  very  striking,  if  the  detttzniiuitions  are  really  to  be  depended 
upon.  They  are  certainly  interesting  in  a  theoretical  point  of  view,  and 
are  deserving  of  careful  repetition.  In  reference  to  their  bearing  upon 
practical  farming,  however,  it  must  not  be  forgotten,  that  the  re^ts  of 
small  experiments  are  never  fuQy  borne  out  when  they  are  repeated  on 
the  large  scale— 4hat  the  relative  value  of  diflferent  animal  manures  ia 
materially  atlected  by  the  kind  of  food  on  which  the  animal  has  lived— 
that  independent  of  manures,  there  are  circumstances  not  yet  made  out 
which  materially  affect  the  produce  of  single  patches*— and  that  it  wiH 
rarely  be  in  the  power  of  the  practical  farmer  to  apply  at  pleasure  to  his 
fields  the  relative  proportions  of  the  several  manures  used  by  Hermb- 
at&dt.  Thus,  if  instead  of  20-  tons  of  farm-yard  manure  he  wished  to 
try  blood  or  urine  alone,  he  must  apply  24  tons  uf  the  former,  and70 
tons  of  the  latteiv-quantities  which  it  might  be  both  difficult  to  procure 
and  inconvenient  lo  apply. 

The  most  practically  useful  results  yet  published  in  regard  to  the  ac- 
tion of  the  different  manures  upon  the  weight  of  the  crop,  die  proportion 
of  flour  yielded  by  it,  and  of  gluten  in  the  flour,  are  tliose  of  Mr.  Burnet, 
to  which  I  have  already  had  occasion  to  draw  your  attenuon.j  These 
results  were  as  follow  :— 

«.wn  «•  w.»«T..  Prodoee  Fine  Floor  OlutMi 


Nothing      .    .    .    .^    .    .    .    Stibshls.      76|  lbs.  94  per  < 

Sulphated  urine  and  wood  ashes.    40      "  60^  '*  10-5      '< 

Do.         and  sulphate  of  soda.    49      "  63*"  97      " 

Do.         and  common  salt     .    49      "  Gb\  "  9*6      « 

Do.         andnitmteofsoda.  .    48|    "  54f  "  lO-i}      '< 

"We  perceive  here  a  sUsht  increase  in  the  per-centage  of  gluten  when 
the  manures  were  applied,  but  nothing  which  at  all  resembles  the  great 
differences  given  by  Hermbsatdt,  or  which  renders  it  probable  that  by 
skilful  management,  as  some  have  supposed,  we  may  hereafter  be 
able  to  raise  in  our  fields  whole  crops  of  com  which  shafi  yield  a  flour 
containing  20  or  30  per  cent,  of  gluten. 

§  11.  Oftht  effects  of  germination^  and  of  baking,  upon  the  flour  of  wheat 

The  effects  of  germination  and  of  baking  upon  the  flour  of  wheat  are 
very  analogous  to  each  other.  In  both  cases,  a  portion  of  the  starch  is 
changed  into  gum  and  sugar. 

1°.  Germination^^l  have  already  described  to  you  (p.  118),  the  very 
beautiful  change  which  takes  place  during  the  sprouting  of  the  seeds  cmT 
plants— how  a  portion  of  their  gluten  is  changed  into  diastase,  and  how, 
by  the  agency  of  this  diastase,  the  starch  of  the  seed  is  changed  into  gum 
and  su^ar.  In  an  experiment  made  by  Be  Saussure,  100  parts  of  the 
farina  of  wheat  had  by  germination  lost  6  parts  of  starch,  and  in  their 
stead  had  ocnuired  SJ  of  gum  and  SJ  of  sugar.  The  effect  of  this 
change-— whicfi  proceeds  as  the  plant  continues  to  grow-— is  to  make  the 
starch  soluble,  and  thus  capable  of  entering  into  Uie  circulation  of  the 
young  plant. 

2°.  Baking.^^lt  is  the  larger  proportion  of  gluten  usually  contained 
in  the  flour  of  wheat  that  renders  it  so  much  better  fitted  for  the  bakinp  of 

-■6«Ap|MndiJC,pp.J»Ma9».  tflMp.attsMlAp|>«BdlS9p.4»«idn. 
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bread  tlum  the  flour  of  any  other  grain.  If  the  gluten  be  washed  out  of 
the  flour,  and  put  alone  into  the  oven,  it  will  swell  up,  become  full  of 
pores,  and  assume  a  large  size.  The  comparative  baking  qualities 
of  difierent  samples  of  flour  may  be  judged  of  by  the  height  to  which,  in 
similar  vessels,  the  gluten  of  equal  weights  of  flour  is  thus  observed  to  rise. 

We  have  already  seen  that  by  heating  in  an  oven,  dry  starch  is  gra* 
dually  changed  into  ^m  {British  gum^  p.  113),  and  into  a  species  of 
sugar— becoming  completely  soluble  in  water.  Such  a  change  is  pro- 
duced upon  a  portion  of  the  starch  of  wheaten  flour  when  it  is  baked  in 
the  oven.  Thus  in  100  parts  of  the  flour,  and  of  the  bread  of  the  same 
wheat,  Vogel  fimnd  respectively— 

fltareb.  Sogiir.  Gum. 

Flour        ...      68  6  — 

Bread        .         .        .      53i  3|  18 

So  that  a  very  considerable  portion  of  gum  had  been  produced  at  the  ex- 
pense of  the  starch. 

The  yeast  which  is  added  to  the  dough  in  baking,  acts  in  the  same 
way  as  when  it  is  added  to  the  sweet  wort  of  the  brewer.  It  induces  a 
fermentation  by  which  the  sugar  of  the  flour  is  changed  into  carbonic 
acid  and  alcohol.  The  carbonic  acid  is  liberated  in  the  form  of  minute 
bubbles  of- gas  throughout  the  whole  substance  of  the  dough  and  causes 
it  to  rise,  the  alcohol  is  distilled  off*  in  the  oven.  If  too  much  water 
have  been  added  to  the  dough— <nr  if  it  have  not  been  sufficiently  knead- 
ed—or if  the  flour  be  too  finely  ground— or  if  the  paste  be  not  sufficiently 
tenacious  in  its  nature,  these  minute  bubbles  will  run  into  each  other, 
will  form  large  air  noles  in  the  heart  of  the  bread,  and  will  give  it  that 
open  irregularly  porous  appearance  so  much  disliked  by  the  skilful 
baker.  Good  bread  should  be  full  of  small  pores  and  uniformly  light. 
Such  bread  is  produced  by  a  strong  flour ;  that  is,  one  which  will  rise  well, 
will  retain  its  oulk,  and  will  bear  the  largest  quantity  of  water. 

The  quantity  of  water  which  wheatenflour  retains  when  baked  into 
bread  depends  in  some  degree  upon  the  quality  of  the  flour.  In  the 
Acts  of  Parliament  relating  to  the  assize  of  bread,  it  is  assumed  that  a 
sack  of  flour  (280  lbs.)  will  produce  80  quartern  loaves,  or  320  lbs.  of 
bread.  According  to  this  calculation  the  flour  should  take  up  and  retain 
when  baked  one-seventh  of  its  weight  of  water.  But  the  quantity  of  water 
retained  by  the  flour  now  in  use  is  very  much  greater,  and  the  profit  to 
the  baker,  therefore,  very  much  more  than  this  calculation  supposes. 

This  is  shown  by  the  quantity  of  water  which  is  lost  by  wheaten 
bread,  whether  of  first  or  second  quality,  when  it  is  dried  by  prolonging 
heating,  at  a  temperature  not  exceeding  220°  F.  The  home-made 
bread  (white  and  brown)  baked  in  my  own  house,  and  in  two  other 
private  houses  in  Durham,  lost  of  water  by  drying  in  this  wa^'— 

Bow  long  baked.  Water  per  seat 

1<».   White        ...        24  hours.  43-3 


Brown* 
2°.   Brown 

White 
3«>.  White 


24  do.  440 

42  do.  44*1 

36  do.  42*9 

9  do.  44*1  ' 

i«ritewhei«MttcoBei 
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So  that  wheaten  bread  one  day  old  contains  about  44,  and  two  davs  oU, 
about  43  per  cent,  of  water.  Something,  however,  will  depend  upoD 
the  size  of  the  loaves. 

This  proportion  is  almost  exactly  the  same  as  that  contained  in  the 
white  bread  of  Paris.  According  to  Dumas,  the  water  in  thu  corumaa 
white  bread  of  Paris  amounts  to-» 

Houn  baked.  Water  per  cent. 

2 45-7 

4} 45*3 

10 430 

24 43-5 

We  may  assume,  therefore,  44  per  cent,  as  very  nearly  the  average 
quantity  of  water  contained  in  good  white  bread  both  in  England  and  in 
France.  Bread  baked  for  public  establish  meats  contains  more  water,^ 
not  being  generally  so  well  fired,  or  being  baked  in  the  form  of  many 
loaves  stuck  together,  instead  of  in  separate  tins,  as  is  done  with  home- 
made bread.  Such  is  the  case  with  the  soldiers*  bread  of  our  own 
country,  and  the  barrack  bread  of  Paris  (pain  de  munition)  which  con- 
tains about  51  per  cent,  of  water. 

We  have  already  seen  (p.  499)  that  English  wheaten  flour  contains,  oo 
an  average,  about  16  per  cent,  of  water.  If,  thj»relbre,  the  bread  baked 
from  it,  as  it  comes  from  the  mill,  contain  44  per  cent.,  every  handled 
pounds  consist  of-^  - 

Dry  flour ^^    i    Bfil 

Water  in  the  flour  (naturally)  •        lOi  J        * 

Water  added  by  the  baker       .        .        •      .    33^ 

100 
Or,  the  Jbur,  in  haJdng^  lakes  up  half  its  weight  of  water.    A  hundred 
pounds  of  flour,  there^re,  as  it  comee  from  the  mill,  will  give  very 
nearly  150  pounds  of  bread.    Thu»— 


Dry  flour        ....  84  64 

Natural  water         .        .        •         16  16 

Water  added  .  .   50 

100  

Weight  of  bread  150 
A  sack  of  flour,  therefore,  or  280  lbs.,  ought  to  give  about  420  Ibe.  of 
well  baked  bread.  Something  must  be  deducted  from  this  for  the  lots 
by  fermentation,  and  for  the  d^ess  of  the  crusts.  Allowing  6  per  cent. 
for  these,  a  sack  of  flour  should  give  400  lbs.  of  bread  of  the  best  quality,^ 
or  100  quartern  loaves.  The  cost  of  fine  white  bread,  therefore,  com* 
pared  with  that  of  corn  and  flour,  ought  to  be  very  nearly  as  follows  :— 

Coel  of  Floor,  Coat  of  Bread,  Maitei  price  of 

per  aack.             per  atooe.  per  quartern  loaC  Gxain  per  qr.t 

d5s.                 Is.  9d.                             4]d.  47s. 

40s.                2s.  Od.                            4|d.  52s. 

*  Unmizei)  with  potatoea,  whieh  are  employed  ^y  flianj  bakexa  in  oonsideAible  qnaattjr 
^  llUed  wiU)  the  yeaat  they  are  aaid  to  make  the  bread  lif  hier. 

t  Thte  eolamn  b^  Umb  cako)Me«l  for  m*.  liromlhe  prtce  of  the  $miti  hf  mj  friMdlir. 
Jobs  RobaoD.  mlUer,  in  Darham.  The  praaikel  mla  lib  thst  €  boiMa  ol  can  aiwaitf  gn 
bna  peek  of  flour,  and  that  tht  mlUar  ahoolu  have  the  ulfU  fai  his  tnubb. 
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Coft  of  Floor,                                   Coit  of  Breftd,  Market  prioa  of 

per  sack.             per  atone.                      per  quartern  Ioa£  Gzainperqr. 

468.                2s.  3(1.                            5ld.  608. 

608.                28. 6d.                            6d.  678. 

658.                2s.  9d.                            e|d.  728< 

60s.                38.  Od.                           7|d.  80s. 
The  economy  of  baking  at  home,  dierefore,  at  the  usual  prices  of 
bread,  seems  to  be  very  c^Miderable. 

§  12.  Of  the  supposed  rdaiion  between  the  per^eenlage  of  gluten  in 
JUmr^  and  the  toeighi  of  bread  obtained  from  iU 

It  has  been  assumed  by  recent  chemical  writers  that  the  quantity  of 
water  absorbed  by  flour,  and  consequently  the  weight  of  bread  obtamed 
from  it,  depends,  in  whol^  or  in  great  part,  upon  the  proportion  of  gluten 
which  the  flour  contains.  The  following  facts,  however,  do  not  accord 
with  this  supposition. 

1^.  Household  bread,  made  respectively  from  the  flour  of  a  French 
wheat  and  of  a  wheat  from  Taganrog,  retained  nearly  the  same  per- 
centage of  water,  though  the  one  samjue  contained  upwards  of  twice  aa 
much  gluten  as  the  other.    Thus— 

Gidten  per  cent  Water  per  cent. 

In  the  Flour.  In  the  Bread. 

Flour  of  Bri^         .         .         .         10-7  47-4 

Flour  of  Taganrog        .        .        22-7  47-0 

This  one  fact  might  be  supposed  to  settle  the  quesdon,  but  I  shall 
mention  others. 

2^.  The  flour  from  Odessa  wheat  contains  about  }th  more  gluten  than 
French  flour  in  general,  and  yet  it  absorbs  very  little  more  water  (Du- 
mas). This  Dumas  accounts  for  by  the  fact  that  the  8tarch  of  the 
Odessa  wheat  forms  hatd  transparent  homy  particles,  which  take  less 
water  to  moisten  them  than  the  impalpable  powder  yielded  bv  the  softer 
French  wheats«-so  that  the  gluten  does  not  appear  to  i)roauce  its  full 
eflect.  I  do  not  know  how  far  this  explanation  is  consistent  with  the 
fact  that  the  hard  flinty  wheats  give  the  best  biscuit  flour— what  the 
baker  calls  the  strongest,  which  rises  best,  and  absorbs  the  most  water> 

3°.  Bice  is  said  to  contain  very  little  gluten — not  estimated  by  any  to 
amount  to  more  than  6  or  7  per  cent.— and  yet  it  is  stated  as  the  result  of 
numerous  trials,  that  an  admixture  of  a  seventh  part  of  rice  flour  causes 
wheaten  flour  to  absorb  more  water.f 

4°.  If  the  hard  wheats  be  ground  too  fine  they  lose  a  part  of  their  ap- 
parent strength,  the  flour  becomes  dead,  as  it  is  sometimes  called,  and 
refuses  to  rise  as  it  would  do  if  sent  to  the  baker  in  a  more  gritty  and  less 
impalpable  state. 

6°.  Lastly,  the  admixture  of  veiy  minute  quantities  of  foreign  matter, 
by  way  of  adulteration,  is  said  to  have  a  remarkable  influence  upon  the 
quantity  of  water  which  the  flour  will  absorb.  In  some  parts  of  Belgium 
it  appears  to  have  been  the  practice  to  adulterate  the  bread  with  a  small 
quantity  of  sulphate  of  copper4    This  salt  is  dissolved  in  water,  and 

*  That  BocYi  ia  the  eaae  alao  in  foreign  eoontriet,  tee  a  letter  flnoaa  ths  Biftiah  Coasol  al 
UelMi,  Id  Dary'B  Agrietaturmi  Ckemiglry^  Leetore  DL 
tlksHtt*  fVgM  lit  CMmA^  «L,  p. ; 
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the  solution  added  to  the  water  with  which  the  dough  \h  to  be  made,  in 
the  proportion  of  about  one  grain  to  two  pounds  of  flour.  It  gives  the 
bread  a  fairer  colour,  and  thus  permits  the  use  of  inferior  flour,  and  it  causes 
the  bread  to  retain  about  six  per  cent,  more  water  without  appearing  moist- 
er.  Even  in  the  small  proportion  of  one  grain  of  the  sulphate  to  6,  or 
7  lbs.  of  flour,  it  produces  a  very  sensible  effect  (Kuhlman). 

Other  adulterations  also  exercise  a  similar  influence*  Alum  improves 
the  colour  of  the  bread,  raises  it  well,  and  causes  it  to  ketp  water,  but  it 
requires  to  be  added  in  larger  quantity  than  the  more  poisonous  sulphate 
of  copper.  Common  ssdt  likewise  makes  the  paste  stronger,  and 
causes  it  to  retain  more  water,  so  that  the  addition  of  salt  is  a  real  gain 
to  the  baker. 

"  From  all  the^e  facts,  therefore,  we  may  infer  that,  independent  of  the 
relative  proportions  of  gluten,  very  slight  diflerences  in  composition- 
such  as  have  not  yet  been  sought  for  or  appreciated— miw  materially 
affect  the  relative  weights  of  bread  obtained  by  the  baker  from  difierent 
samples  of  wheaten  flour. 

§  13.  Of  the  compontion  of  barley  y  and  the  i${/luence  of  different  moMuree 
upon  the  relative  proportions  of  its  several  constituents* 

The  grain  of  barley  consists  of  nearly  the  same  substances  as  that  of 
wheat,  but  in  proporuons  somewhat  different.  These  proportions,  how- 
ever, are  affected  both  by  the  kind  of  manure  with  which  the  land  is 
dressed,  and  by  the  nature  of  the  soil  on  which  the  seed  is  sown. 

1°.  Afani*rtf.— The  effect  of  manure  appears  from  the  following  table, 
containing  the  results  of  Hermbstadt,  obtsuuoed  in  the  same  way  as  those 
with  wheat  already  described  (p.  503)  :*- 

A 


KIND  OP 
MANURB. 


OzBlood 10-4  13-6  6-7  04  69-9  4 

Nighi-soil lft-2  13-6  6-8  9-6  69-6  4 

Sheep's  dfinff...  10-3  13*5  6-7  04  609  4 

OoMt'adunx lU-4  13b  5*7  04  59-9  4 

Human  urine...  10-3  13*6  59  0'5  69-6  4 

HorMdunff..;..  10-4  13*6  6-7  0'4  69-7  4 

PifCeon-sdunf ..  10-4  13-5  5-6  0*4  69-8  4 

Cow's dunj? 10-8  13-6  83  0-2  61-9  4 

VegeL  manure..  10-8  13-6  2-9  0-9  622  4 


^^  §  ^^  -^Itlil 


6    4-4    0  4       0-4         16 


6  4-3  0-6  0-6  13 

6  4-4  0-4  0-3  16 

6  4-6  0-4  0-3  15 

4  4-4  0-4  0-7  13| 

6  4-6  0-4  0-4  13 

6  4-5  0-4  0-4  10 

8  4-6  0-3  0-3  U 

9  4-8  0-2  0-1  r 
0  4-7  0-1  01  4 


No  manure 10  8    13-6   29   01   625   6'( 

In  SO  far  as  reliance  is  to  be  placed  upon  the  numbers  in  the  above 
table,  as  indicative  of  the  general  effect  of  the  several  manures  men- 
tioned, it  would  appear  that  the  relative  proportions  of  gluten,  albmneo, 
and  starch  do  not  vary  very  much  undl  we  come  to  cow*dung,  when  the 
former  two  substances  sensibly  diminish.  Further  experiments,  how- 
ever, are  required  upon  this  subject  (see  page  514). 

2^.  5otZ.— The  effect  of  soU  upon  the  barley  crap  is  known  to  all 
practical  farmers— so  that  the  terms  barley-land  and  wheat-land  are  the 
usual  destgnadons  for  light  and  heavy  soils  adapted  esfiecially  to  the 
growth  of  these  several  crops.  On  clay  lands  the  produce  of  barley  is 
,ffreater,  but  it  is  of  a  coarser  quality,  and  does  not  malt  so  well-^^^-(Mi 
u>anis  it  is  plump  and  full  of  meal— and  on  Jight  chalk  soils  the  crop  is 
light,  but  the  grain  is  thin  in  the  skin,  of  a  rich  colour,  and  well  adapted 
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for  malting.*  The  barley  of  the  light  lands  in  Norfolk  is  celebrated  in  the 
North  of  England  for  its  malting  properties — and  the  brewers  refuse  tJie 
barley  of  the  county  of  Durham,  even  at  a  lower  price,  when  Norfolk 
barley  is  in  the  market.  When  untit  for  malting,  barley  affords  a  fat- 
tening food  for  pigs  and  for  son>e  other  kinds  of  stock. 

§  14.  Effect  of  malting  upon  barley* 

During  the  germination  good  barley  increases  in  bulk  one-half.  In 
order  tliat  it  may  do  so,  it  must  be  uniformly  ripe— a  quality  of  great 
value  to  the  maltster.  This  maximum  bulk^is  generally  acquired  in  '24 
hours  after  it  has  been  moistened  and  laid  in  heaps.  In  drying,  how- 
ever, the  barley  again  diminishes  in  bulk,  so  that  the  dried  malt  rarely 
exceeds  by  more  than  (^a*h  or  n^^  the  bulk  of  the  erain  as  it  came  from 
the  market.  The  well-dried  malt,  however,  is  lighter  by  Jth  tnan  the 
barley  from  which  it  is  made — 100  lbs.  of  barley  yielding  about  80  lbs. 
of  malt.  This  is  not  all  loss  of  substance,  since  by  a  similar  dr^-in^  the 
barley  itself  before  malting  would  lose  about  12  per  cent  of  water.  The 
loss  of  substance,  therefore,  is  only  about  8  per  cent.  This  diminuiion 
of  solid  matter  arises  in  part  from  the  loss  of  the  little  roots  which  tbrm 
the  malt-dust  {cummins),  of  which  I  have  already  spoken  (p.  43(3)  as 
being  a  valuable  manure,  and  of  which  4  or  5  bushels  are  obtained  tiom, 
100  bushels  of  barley. 

The  colour  of  the  malt  varies  with  the  temperature  at  which  it  is  dried. 
If  the  iieat  does  not  exceed  100°  F.  a  very  ptde  malt  is  obtained,  which 
gives  a  very  white  beer.  A  heat  not  rising  above  180°  gives  an  amber 
coloured  malt — while  for  brown  malt  the  temperature  may  rise  as  liigh 
as  260°  F.  By  mixing  ihese  varieties  beer  of  any  colour  may  be  made. 
But  in  the  porter  breweries  it  is  usual  to  prepare  a  quantity  of  malt  of  a 
brownish  black  colour  {burned  malt),  hy  adding  a  portion  of  which  any 
required  shade  of  colour  is  imparted  to  the  liquor. 

During  germination  a  variable  quantity  of  the  gluten  is  converted  into 
diastase  (p.  119),  and  about  two-fifths  (40  percent.)  of  its  starch  info 
sugar  or  gum  (dextrine).  The  quantity'  of  diastase  produced  depends 
upon  the  extent  to  which  the  germination  has  proceeded.  It  is  greatest 
at  the  moment  when  die  gemmule  is  about  to  burst  fiom  the  seed,  and  to 
fonn  the  youn^  shoot. 

I  have  already  explained  the  beautiful  purpose  served  by  this  diastase 
in  converting  the  insoluble  starch  of  the  grain  into  soluble  sugar  and 
gum.  When  tlie  beer  is  to  be  made  wholly  from  malt,  it  is  unnecessary 
to  continue 'the  germination  till  the  largest  quantity  of  diastase  is  pro- 
duced. It  is  sufficient  if  the  gemmule,  on  holding  up  a  grain  of  th€». 
barley,  be  seen  within  tlie  skin  to  have  attained  one-half  or  two-tliirds  of 
the  length  of  the  seed.  The  disistase  then  produced  is  more  than  enonirh 
to  convert  the  whole  of  the  starch  of  the  grain  into  sugar  (p.  120).  But 
if  raw  grain,  as  in  some  of  our  distilleries,  is  to  be  added  to  the  malt, 
then  the  malting  should  be  prblongcd  till  the  bud  is  about  to  burst  through 
the  husk,  so  that  the  largest  posc>ible  supply  of  diastase  may  be  contain- 
ed in  it.     In  this  way  mso  malt  is  prepared  when  it  is  to  be  employ  ed 

*  "  The  bftrlev  on  the  compact  days  (in  HanL«i)  is  of  a  coarser  qoalitT,  but  produce  greater— 
on  the  light  chalk  hoIIs  It  i*  wpII  calculated  for  nialtlnff— the  akin  le  tnin,  and  colour  rich  but 
llfflit— in  fullpeaa  of  meaJ  and  plumpneaa  of  appearance  it  never  equals  the  barleys  (toiRn  ia 
■calTordshire,  and  upon  loamy  lands."— Mr.  Gawler  in  BrUi$h  Biubtmdry^  111.  p.  12. 

22 
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in  the  manufacture  of  syrup  (glucose)  from  potatoe  flour — a  branch  of  in- 
dustry which  has  become  of  some  jnportance  in  certain  parts  of  France. 

( 15.  Ckmtpontion  of  oats,  and  effect  ofmanures  in  modifying  that  composiHcnu 
The  relative  proportions  of  husk  and  meal  in  the  several  varieties  of 
the  oat  differ  in  a  greater  degree,  probably,  than  in  any  other  grain. 
Thus,  the  potatoe-oat  is  known  to  be  richer  in  meal,  the  Tartary-oat  in 
husk.  The  round  grain  of  the  former  is  chiefly  grown  in  Scotland,  for 
grinding  into  meal,  the  laner  in  England,  for  feeding  horses. 

But  even  the  round  potaroe-oat  varies  much  in  the  produce  of  meal 
which  it  gives.  Many  samples  yield  only  half  their  weight  of  oatmeal, 
others  9  stones  out  of  1 6,  while  some  give  as  much  as  12  stones  from  the 
same  quanuty,  or  three-fourths  of  their  weight.  In  one  variety  of  oat 
Vqgel  found  66  per  cent,  of  meal  and  34  of  husk,  which  is  equal  to  10^ 
stones  of  meal  from  16  of  grain.  He  also  extracted  from  the  meal  2  per 
cent,  of  oil,  and  59  of  starch,  and  observed  it  to  lose  by  drying  upwaids 
of  20  per  cent,  of  water. 

Soil,  season,  climate,  variety  of  seed  sown,  and  the  kind  and  Quantity 
of  manure  appKed — ^all  affect  the  amount  of  produce  and  the  cuemical 
composition  of  the  oats  that  are  reaped.  According  to  Hermbstadt,  the 
effect  of  different  manures  in  modifying  the  composition  of  the  produce 
of  the  same  seed  are  represented  by  the  numbers  in  the  following  table : 

5osd  §rl 


imrD  OP 

MANUBS. 


I   I  Hi  I  I  I  g  lll^iil 

1^ 


Ox  Blood 12  0 

NighltoU 12- 1 

Sheep's  dung...  12-6  13-8  40  05  540  5*2  6-6  0-3  0-4  U' 

Ooat'tdung.  ...  129  170  4*3  04  532  6*4  6*7  0-3  0-4  16 

Haman  urTne...  130  170  4-4  0  6  531  50  5*7  04  0-6  13 

Horaedunx 131  160  4  0  06  545  62  6-6  0-3  0-6  14 

Pigeoo'e dung..  12-3  \S3  32  0-3  53-2  60  6*8  0-3  0-3  13 

Cowdanu 11-6  15  0  31  0-3  550  6-8  73  03  0-3  16 

VegeL  manure..  10-8  130  20  0-2  59-9  6-4  70  0*3  0-3  13 

Uomaoured 10  8  120  1-9  02  600  6-4  7-0  0-3  0*1  6 

The  differences  in  this  table  are  very  striking  [see  p.  515]. 

§  16.  Composition  ofrye,  and  effect  of  different  manures  upon  its  eomposUiotu 
The  grain  of  rye  approaches  nearest  to  that  of  wheat  in  the  quantity 
of  gluten  it  contains,  and  in  the  consequent  fitness  of  its  flour  for  bakinff 
into  bread.  It  sometimes  also  contains  much  sugar— recent  rye-bread 
having  almost  invariably  a  sweet  taste— but  the  proportion  of  sugar  ap- 
pears to  be  by  no  means  constant.  Thus  Einhof  and  Greif  exhibit  the 
composition  of  a  sample  of  rye-flour,  examined  by  each  of  them,  re- 
spectively as  follows : — 

Einhof,  per  cent  Oitef,  per  eant. 


Husk      . 

'64 

._ 

Gluten  (not  dried) 

9-5 

12-8 

Albumen     . 

3-3 

30 

Starch     .     .      . 

61-1 

58*8 

Sugar     ♦    . 

33 

10-4 

Gum       .     . 

111 

7-2 

Loss       .    .      . 

6-3 

7-8 

100  100 
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Perhaps  no  great  degree  of  faith  is  to  he  placed  in  these  analyses.  If 
they  are  to  be  depended  upon,  they  show  that  very  remarkable  diflfer- 
ences  indeed  may  exist  in  the  relative  proportions  of  some  of  the  consti^ 
tueots  of  rye  flour.  The  floor  of  rye  is  said  to  be  more  absorbent  of 
moisture  from  the  air  than  that  of  any  other  grain.* 

Rye  delights  in  a  sandy  soil,  and  is  cultivated  in  general  in  such  as 
are  poor  io  vegetable  matter,  and  to  which  manare  is  not  very  abun- 
dantly added.  The  experiments  of  Hermbstadtt  whose  results  are  ex- 
hibited in  the  following  table,  do  not  show  any  very  striking  difference 
to  have  been  product  upon  the  composition  of  the  grain  by  the  use  of 
the  different  animal  manures  i—^ 


KIND  or 

1 

1 

III 

1 

1 

1 

mi 

5- 

iil 

E'5 

Ox  Blood 

.  10  1 

10-4 

120    3-6 

62-2 

3-6 

6-2 

10^ 

0-8 

14 

MUhtaoil 

.  100 

107 

11-9    3--J 

62-4 

3-6 

6-3 

0-9 

09 

\3k 

Sheep's  dung. , 

10  0 

10-8 

U-9    3-4 

52-3 

3-6 

61 

11 

0-6 

13 

Ooat'tdimg.  .. 
Human  urine.. 

.  100 

10*8 

11 -9    3-4 

62-2 

3-6 

60 

10 

0-9 

12| 

101 

10-8 

120    3-6 

6»)-2 

3-3 

46 

11 

4-2 

iT 

H<rae  dung 

.  100 

10-7 

11-9    2-8 

51-2 

4  0 

4-6 

10 

8-6 

11 

Pigeon's  dung  . 

.  101 

10-5 

11-6    3-7 

622 

3-7 

4-7 

0-9 

2-3 

Cow  dung 

.  100 

10-4 

10-8    20 

M-3 

3-9 

6-7 

0-9 

1«8 

Veg«t.  manure. 

.  100 

10-7 

8-8    2-6 

661 

4-8 

5-2 

0-9 

1-7 

Unmanured. . . . 

.  10  0 

10- 1 

8-6    2-6 

5S3 

4-7 

5-4 

0-9 

1-3 

The  above  table  exhibits  a  larger  increase  in  the  return  or  produce 
from  some  of  the  animal  manures  than  from  others,  but  we  do  not  see 
any  of  those  remarkable  differences  in  thecompasUian  of  the  flour,  which 
are  observable  in  ^e  results  obtained  by  the  application  of  dLifferent 
manures  to  the  wheat  crop. 

The  substance  extractea  from  rye,  and  called  gluten  by  Hermbstadt,  is 
different  from  the  gluten  of  wheat,  and  is  more  like  the  glutine  extracted 
from  the  latter  grain.  When  dough  made  of  rye  flour  is  washed  in 
water,  it  nearly  all  diffuses  itself  through  the  liquid,  leaving  little  more 
than  the  husk  or  bran  behind.  The  starch  deposits  itself  from  the  milky 
liquid,  or  may  be  separated  by  the  filter.  When  the  liquid  is  evaporated 
to  dryness,  and  the  dry  mass  boiled  iu  alcohol,  the  so-called  gluten  is 
dissolved  out,  and  may  be  separated  from  the  alcohol  by  distillation.  It 
must  then  be  washed  with  water  to  free  it  from  sugar.  Like  the  gluten 
of  wheat,  it  is  now  insoluble  in  water,  and  is  less  cohesive  than  ^uten. 
Both  of  these  forms  of  gluten  are  supposed  to  have  the  same  composi- 
tion as  vegetable  fibrin  and  albumen,  and  as  the  curd  of  milk. 

§  17.  Compantum  of  rice,  maize  {Indian  com),  and  buck-ishtaL 
1^.  Rice  IB  usually  supposed  to  differ  from  other  kinds  of  grain  by  the 
larger  proportion  of  starch  which  it  contains.  ^ 

The  large  quantities  of  rice  consumed  by  the  native  inhabitants  of 
India,  and  of  other  warm  countries,  has  oflen  appeared  surprizing  to 
foreigners.  Chemi^s  have  explained  this  alleged  fact  by  supposing  the 
small  per-centage  of  gluten  contained  in  rice,  as  shown  by  the  following 
analyses,  to  be  insufficieut  for  the  sustenance  of  the  body—when  no 
other  food  is  used— lyiless  this  grain  be  eaten  in  exceedingly  large  qoan- 

*  A  aample  of  rje  meal,  dried  in  my  laboratory,  lost  only  14 )(  per  oenl.  of  wmler,  mmI  of 
rye  bread  kmmtd  44,  tnd  yeatUi  40  per  ceaL    Thia  rye  mesl  may  poMibly  have  beta 
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tides.  It  is  probable,  however,  that  the  nitrogenoiiH  constittiexits  of  riee 
aie  stated  too  low  in  the  analyses  of  Brocoimot,  and  that  it  contains  albit* 
men  or  casein,  or  some  analogous  sobetance,  which  has  been  passed  over 
by  this  chemist.  A  series  of  carefully  repeated  analyses  of  difierent 
varieties  of  rice,  if  it  did  not  modify,  would  at  least  fix  our  present  opin- 
ions  in  regard  to  its  theoretical  value  as  food  for  man.* 

Two  samples  of  rice  examined  by  Braconnot,  were  found  by  him  to 
be  composed  of^* 

OutiUiM.  PtedBumL 

Water    ....      60  7-0 

Husk      ....       4*8  4-8 

Gluten    ....      3*6  3-6 

Starch    ....     85-07  83-8 

Sugar     ....      0-3  0-05 

Gum       .     •    .     .      0-7  0-1 

OU 0-13  0-26 

Phosphates      .     .      0-4  ^  0-4 

100  100 

2®.  Mcdze  or  Indian  eom  is  celebrated  for  the  large  return  of  food 
which  it  yields  from  a  given  extent  of  land,  and  for  its  remarkably  fat- 
tening qualities  when  given  to  poultry,  pigs,  and  cattle.  Budncheal 
is  also  a  very  nourishing  grain.     They  consist  respectively  of— 

Dry  maize  (PayeaX  BuckvheftC  (Zeiweck). 

6-0  26-9 

1-2  10-7 

7-1  62-3 

0-5  8-3 

8-9  0-4 

605  — 

1-8  r 


Husk 

Gluten,  &:c. 

Starch 

Sugar  and  gum 

Fatty  matter 

Colouring  matter 

Salts 


24-53t  98-6 

The  above  analysis  of  maize  must  be  incorrect^  as  it  supposes  the  fatty 
matter  to  amount  to  nearly  36  per  cent,  of  the  weight  of  the  com. 
Dumas  has  lately  stated  it  at  8*9  per  cen^<— instead  of  8-9  in  24-55  parts, 
as  found  by  Payen— and  Liebig  denies  that  Indian  corn  contains  more 
than  5  per  cent,  of  fatty  matter.  New  analyses,  therefore,  are  required 
of  this  grain  also.  Indeed  it  may  be  said  in  general  of  all  the  substances 
used,  especially  in  feeding  animals,  that  we  have  not  yet  the  requisite 
knowledge  to  enaUe  us  to  reason  accurately  in  regard  to  the  special  ope- 
ration of  each  in  sustaining  the  body  or  in  promoting  tlie  growth  of  fat.t 

*  Plve  TUlettet  of  ilee,  m  H  is  tnld  in  the  shops,  examined  in  mj  laboratory,  lost  of  wafer 
and  save  of  ash  per  cent  revpecliTely— 

Water.  Ash.  Water.  A#h. 

Madras  riee    ....    136  068  I  Carolina  rice     ...    13-0  033 

Bengal  rice    ....    131  0^  Do.         flour.    .    14-6  036 

Pdtnarlce       ....    13-1  0361 

The  water  In  these  samples  is  very  mach  greater  thab  in  those  examined  by  Braeonnot  By 
exposure  to  the  air  the  rice  io  a  few  days  re-absorbed  nearly  all  it  had  lost  by  di7inf.  Th« 
aan  of  rice  contains  more  allialiae  matter  than  that  of  wheat,and  is  very  dUDcult  to  bom  whim. 

t  Domaa,  TraUi  da  Ckumk^  tL,  p.  391 

I  A  sample  of  Indian  corn  examined  in  my  kboraloiy,  lost  of  water  13*6  per  c«Bt»  saA 
lett  of  while  earthy  ash  1-8  percent.  '  /f  i—  » 
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§  18.  On  ike  <iUeged  general  effect  of  different  mantwee  tn  modifying  the 
amount  of  gluten  and  albumen  in  toheat,  barley^  oats,  and  rye. 

Among  the  creneral  deductioas  in  regard  to  the  special  influence  of 
maiuires  upon  the  quality  of  the  grain  we  reap,  that  which  has  been  re- 
ceived with  the  greatest  confidence  is  this-^a<  ^  ridier  in  nitrogen  the 
manure  toe  apply,  the  richer  in  gluten  the  grain  we  reap. 

The  only  experiments,  haWng  any  pretensions  to  accuracy,  by  which 
this  opinion  has  hitherto  been  supported,  are  those  of  Hermlistadt.  The 
results  of  these  experiments  are  contained  in  the  four  tables  (o  which  I 
have  directed  your  attention  under  the  heads  of  wheat,  barley,  oats,  and 
rye.  As  the  opinion  founded  upon  them  is  one  which,  if  correct,  is  of 
great  practical  value,«>it  will  be  proper  to  examine  the  experiments  them- 
selves a  little  more  narrowly.  Are  they  really  deserving  of  implicit 
credit  ?    Do  they  justify  the  conclusion  that  has  been  drawn  from  them  ? 

Turn  first  to  the  experiments  upon  wheat,  of  which  the  results  are 
embodied  in  the  following  table,  repeated  from  page  503 :— ^ 


hU'ith  It  \t  it  \*\  II 


OS 

BMam Mfeld.  Ilfeld.  MM4.  MfoM.  19blA.  lOfold.  HUd.  IMd.  6fbM.  SfoM. 

Water. 4-3  4-2  42  4-3  42  4*3  4-3  42  4-2  4*2 

Glaien 34  2  33  9  329  32-9  361  13-7  12-2  120  9«  9-2 

Albumen 10  13  r3  1-3  1-4  11  0*9  ID  08  0*7 

flcueh ^ 41-8  41*4  42*8  42*4  80-9  616  «3-2  02-8  66-9  06« 

-Sugar 1-9  1-6  1-6  16  1*4  16  1-9  19  1*9  1-9 

Gum 1-8  1-6  1*5  1*6  16  1*6  19  1*9  1-6  18 

FattjrOll 0-9  11  10  0-9  10  10  09  10  10  10 

fitolublePbopphalaa^dcc  0*6  0-6  •0*7  07  0-9  0*6  0'6  0  6  0*6  0-3 

Hiukandbzao 18-9  Mi  18-8  14*2  14-2  I4'0  14*0  14*9  140  140 

99-8     9?7     99-7      997      997     99-6      998     W7     «9l     «7 

1°.  Water  pre««n^— The  water  in  each  of  these  10  specimens  of  grain 
was  nearly  the  same,  about  4|  per  cent.  I  have  already  stated  the  quan- 
tity of  water  in  English  flour  to  amount  to  about  16  ner<%nt.  on  an  ave- 
rage. Many  samples  of  wheat  also  have  been  driea  in  my  laboratory. 
From  the  results  I  extract  the  following,  showing  the  water  lost  by  corn 
grown  in  four  different  parts  of  the  world  >— 

English,  Lammas  red 15*1  per  cent. 

Seminofi*  wheat 13-2      ** 

St.  Petersburg 16-1       *» 

Bnrletta  wheat 13'1      ♦• 

This  weight  of  water  is  lost  when  the  grain,  as  it  is  sold  in  the  matltet, 
is  crushed  and  then  heated  to  a  temperatofe  not  exceeding  220°  as  long 
as  it  loses  weight. 

The  above  quantities  of  water  are  very  much  greater  than  those  found 
in  the  wheats  of  Hermbstadt.  I  cannot  ofler  these  results,  however,  as  a 
^oo/" of  inaccuracy  on  the  part  of  this  experimenter,  as  I  have  not  had 
access  to  his  original  memoir.  It  is  only  fair  towards  him,  therefore,  to 
conclude  that,  before  they  were  subjected  to  analysis,  his  wheats  had  been 
artificially  dried  in  a  very  considerable  degree. 

29.  OU  in  the  different  samples, — Again,  it  appears  remarkable  that 
the  quantity  of  oil  in  all  the  samples  of  wheat  in  the  above  table  is  nearly 
identical,  and  is  also  very  small.  I  have  examined  the  fine  flour  yielded 
by  several  samples  of  the  same  wheat,  grown  by  Mr.  Burnett  of  Oad- 
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tfirtb,  upon  the  same  field,  but  dressed  with  difieient  manures,  [Appen- 
dix, pp.  65  and  71,]  and  the  proportioDS  of  oil  which  they  yielded  in 
the  BUUe  in  which  ihey  came  from  the  mill,  wece  as  follows  :— 

Per  cMt 

1°.  From  the  undressed  soil 1-4 

2°.  Dressed  with  guano  and  wood-ash 1*9 

3^.  With  arti6cial  guano  and  wood-ash 2-2 

4^v  Sulphated  urine  and  wood-ash 2*2 

6^.  Do.         do.     ^and  sulphate  of  soda 2-0 

6°.  Do.         do.        and  pommon  salt 2*7 

7<j|.  Do.         do.        and  nitrate  of  soda 2-3 

The' two  facts— that  the  quantity  of  ml  in  nearly  all  the  above  sam- 
ples is  so  much  greater  than  was  found  by  Hermbstadt  in  any  of  lus 
apecimens,  and  that  the  proportion  varied  wuh  the  kind  of  manure  with 
which  the  wheat  bad  been  dressed— these  two  facts,  I  think,  show  that 
the  analyses  of  Hermbstadt  have  not  been  made  with  such  a  degree  of 
accuracy  as  to  justify  us  in  relying  with  confidence  upon  the  general  de- 
ductions to  which  they  seem  to  lead. 

3°.  Rdative  efftets  of  these  manures  upon  different  crops. — If  we  com- 
pare together  the  relative  proportions  of  gluten  and  albumen  contained  in 
the  several  samples  of  wiieat,  barley,  oats,  and  rye,  examined  by 
Hermbstadt,  and  exhibited  in  his  tab  es,  we  shall  find  that  the  effects  of 
his  nuinures  were  by  no  means  uniib^m  upon  the  several  crops.  Thus, 
when  manhred  with^- 

Thc  gluten  and  albumen  per  cent 
taken  toeeiher  were  in  the 
Klod  of  BIniun.  Wheat.     Barlov.    OntsL      Rye. 

Ox  blood     .        .        .        .        a5-2       61        54      15-6 


Night  soil    . 
Sheep's  dung 
Human  urine 
Horse  dung 
Pigeon's  dung 
Cow  dung  . 
Nothing 

Upon  the  numbers  in  this 


35  2  6'3  50  151 
342        61        4-5      15-3 

36  5  6-4  49  15  5 
14-8  61  4  5  14-7 
131  6-0  3-5  15-3 
13-0        35        3-4      128 

9-9       30       21      11-2 
table  I  offer  you  the  following  remarks  :— 
a.  Upon  the  wheat,  the  effect  of  the  horse  and  pi  gem's  duJn^,  in  in- 
creasing the  amount  of  gluten  and  albiunen,  was  little  more  than  one- 
fifth  of  that  produced  by  the  sheep's  ^ung.    Thus  the  wheat  contained 
of  gluten  and  albumen,— 

Per  cem.  IncreMe  of  gluten. 

Undressed 9-9  — 

Wi!h  sheep's  dung     .     .     .     34*1  24-2  per  cent. 

With  horse  dung    ....     l4*7  ,  4-8 

With  pigeon's  dung    .     .     .     13-1  3-2 

But  we  have  seen  (p.  470)  that  in  so  far  as  the  nitrogen  is  roncemedt 
dry  horse  and  sheep* s  dung  ought  to  produce  e^al  effects^  while  pigeon's 
dung  should  have  three  times  the  effect  of  either,*  Whatever  be  the 
cause  of  the  increased  proportion  of  gluten  in  the  experimental  wheats 
of  Hermbstadt,  it  cannot,  therefore,  have  been  owiug  solely  to  the  pro- 
portion of  nitrogen  in  the  manures  he  applied. 

*  flSofdrypifeoQ'e  duof  tnsqualtoMof  itiM{»'s,orMof  boiw^diiH- 
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h.  Again,  upon  the  barley,  oats,  and  rye,  the  sheep's  dang  produced 
little  more  eflfect  than  the  horse's  dung.  It  might  be  said  that  this  was 
because  these  two  manures  contain  nearly  the  same  proportions  of  nitxo* 
gen.  But  if  so,  why  did  they  not  produce  like  effects  also  upon  the 
wheat  ?— and  why  did  pigeon's  dung  impart  less  gluten  than  either,  to 
dll  these  varieties  of  grain  ? 

c.  The  unsatisfactory  nature  of  these  experiments  is  still  more  clearly 
seen  when  we  compare  the  relative  proportions  of  nitrogen,  contained  in 
the  several  manures  applied,  with  the  proportions  of  the  same  element 
contained  in  the  several  crops  to  which  these  manures  had  been  added. 

This  comparison  is  made  in  the  following  table— the  quantity  of  nitro- 
gen in  sheep's  dung  and  in  the  crops  manured  with  it  being  called 
100:— 

Proportions  of      Proporliond  of  nitroireo  added  to  th» 
Manure  appUed.         niifoifcn.  »•>  crop  by  ennh  m«oure.- 

flwuiuo  ui>yuw.        ^^  manure.    / ^- -* 

WheaL    Barley.     Oata.         Rye. 
Sheep's  dung.    .    .        100  100        100        100       100 

Horse  dung    ...        103  16  75        100         66 

Pigeon's  duDg     .    .        300  9         48         43         55 

Cow  dung      ...         97  6  1         66         23 

The  relation  which  exists  amon^  the  numbers  in  the  first  of  the  above 
columns,  is  totally  unlike  that  which  exists  among  those  in  any  of  the 
others.  In  none  of  the  crops  does  Uie  quantity  of  nitrogen  in  the  mantirt 
hear  a  perceptible  relation  to  that  contained  in  the  grain  that  was  reaped^ 
The  theory,  therefore,  that  the  quantity  of  gluten  in  the  crop  is  ^wavs 
determined  by  that  in  the  manure,  and  that  the  amount  of  gluten  in  the 
grain  we  reap  may  at  pleasure  be  increased  by  the  use  of  manures 
which  are  rich  in  nitrogen — this  theory  derives  in  reaiily'no  solid  support 
from  the  experiments  of  Hermhstadt.  The  theory  may  indeed  be  correct, 
but  it  is  not  sustained  by  any  rigorous  experiments  hitherto  made — and 
the  prudent  man  will  place  little  reliance  upon  it,  until  its  correctness 
shall  have  been  proved  by  future  and  more  rigorously  conducted  invesd* 
gadons. 

§  19.  Composition  of  peas^  beans,  and  vetches. 

The  seeds  of  leguminous  plants  in  general  contain  a  large  quantity  of 
a  substance — very  analogous  to  the  gluten  of  wheat — to  which  the  name 
of  legumin  has  been  given. 

To  extract  this  legumin,  bruised  beans,  peas,  or  vetches,  are  steeped 
in  tepid  water  for  some  hours,  then  rubbed  to  a  pulp  in  a  mortar  with 
their  own  weight  of  warm  water,  and,  aller  an  hour,  strained  through 
linen.  The  strained  liquid  deposits,  at  first,  a  quantity  of  starch,  but  is 
obtained  nearly  clear  by  filtration.  To  the  filtered  solution  diluted 
acetic  acid  (vinegar)  or  sulphuric  acid  is  added  in  small  quantity,  when 
the  legumin  coagulates  and  falls  in  the  form  of  nearly  insoluble  flocks, 

These  eolamoi  are  calcolated  by  multiplying  toffelher  the  increase  of  crop  and  the  la- 
^  in  the  per  centafe  of  gluten  and  albamen.    Thus  in  ihe  caae  of  wheat— 

Increase  of  crop.    Increase  of  cloten.    Product.    Proportions 

Sheep's  dang 9  fold       X       ^'3  per  cent.    =    218  7    =    100 

Horse  dung 7  ibid        V         ^^  P«r  rent.    =     34-3    =      16 

Pigeon's  dung 6  fold       V         3-2  per  cent.    =      19  2    r=       9 

Oow  dang 4  fold       X        31  P«r  cent    =     12-4    s       • 
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which  are  easily  collected  on  a  filter.  The  addition  of  an  exce®  of  acid 
will  re-dis8olve  the  coagulated  legumin,  which  is  again  thrown  down  by 
a  few  drops  of  a  solution  of  carbNDnate  of  soda  or  of  ammonia ;  a  slight 
excess  of  either  of  the  latter,  however,  will  cause  the  precipitate  a  second 
tiuie  to  disappear.  The  legumin  uf  the  pea  and  bean,  therefore,  differs 
from  the  sluten  of  wheat,  in  being  soluble  iu  water  (Dumas),  and  in  very 
dilute  acid  or  alcaline  solutions. 

The  solution  of  legumin  in  water  is  coagulated  when  heated  nearly  to 
boiling,  in  which  respect  it  resembles  albumen  (white  of  egg),  and  it  is  also 
coa^rulated  by  rennet,  in  which,  and  in  its  relations  to  acids  and  alcalies, 
it  rei>embles  casein,  the  curd  of  milk.  Legumin  has,  indeed,  by  Liebig, 
been  called  vegetable  casein,  from  an  impression  that  it  is  identical  in 
composition  and  properties  with  the  pure  curd  of  milk. 

The  semi-transparent  solution  of  ^egumin  in  water,  obtained  directly 
from  beans  or  peas,  gradually  becomes  opaque,  and  slowly  deposits  the 
leirumin  in  an  insoluble  state.  This  is  owing  to  the  production  of  a 
small  quantity  of  acid  by  the  decomposition  of  the  sugar  or  other  sub- 
stances present  in  the  liquid.  This  acid  slowly  coagulates  the  legumin 
in  tfie  same  ,way  as  when  dilute  acids  are  artihcially  added  to  the  solu- 
tion. It  is  proper  to  mention  that  other  chemists  consider  legumin,  like 
c.isein,  [see  the  following  lecture,]  to  be  nearly  insoluble  in  water,  and 
that  in  the  solutions  from  the  bean  and  the  pea  it  is  rendered  soluble  by 
the  presence  of  a  little  potash,  soda,  or  lime — the  liquid  becoming  tnrbid 
as  soon  as  a  quanti^  of  acid  is  formed  to  combine  with  these  alcaline 
substances.  According  to  Dumas,  pure  legumin  dried  in  vacuo  at  284^ 
F.  consists  of^ 


Fibrin 

Albumen 

GluriDe 

Cuelo 

LegamiQ. 

of 

of 

of 

of 

Whei, 

Wheat. 

Wheat 

WhPBt 

Carbon  .    .    .    • 

.    50-4 

53  23 
7dl 

5371 
711 

5305 
717 

53*46 

Hydrogen  .    .    . 

.      69 

713 

Niurogcn     .    .    . 

.     182 

1641 

1565 

1594 

16^ 

Oxygen,  sulphur, 

& 

• 

phosph.  .    .    . 

.    245 

23  35 

23  50 

23-84 

23  37 

100         100  100  100  100 

For  the  purpose^f  comparison,  I  have  inserted  the  composition,  ac- 
cording to  the  same  chemist,  of  tlie  several  nitrogenous  compounds  ex- 
isting in  wheat. 

iC  these  analyses  be  correct,  legumin  contains  more  nitrogen  than  the 
fiijrin,  the  albumen,  the  glutine,  or  the  casein  of  wheat,  and  is  almost 
idi  iitical  with  the  gelatine  of  bones.  The  important  consequence  deduced 
from  ibis  fact,  by  Dumas,  in  reference  to  the  f^ing  of  animals,  we  shall 
consider  in  a  suDsequent  lecture. 

Above,  I  have  given  the  composition  of  legumin,  the  nitrogenotjs 
principles  contained  in  peas  and  beans,  as  found  by  Dumas,  from  which 
if  would  appear  to  contain  more  nitrogen  than  any  of  the  other  vegetable 
principles  hitherto  found  incnltivaJed  grains.  The  legumin  analysed  by 
Dumas  was  extracted  from  siceet  almonds. 

Since  the  preceding  sheet  was  prepared  for  ])ress,  a  further  analysis  of 
legumin,  extracted  frmn  heant,  has  been  published  by  Rochleder,*  which 

*  Amuitn  (for  Gfiem.  ti  Pharmaeie,  xl?i.,  p.  156i 
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does  Dot  agree  with  that  of  Dumas,  hut  repreflents  this  legumio  as  iden- 
dcal  with  casein,  tiie  curd  of  milk  (see  the  fi>llowiDg  lecture),  and  as  dif- 
fering in  properties  as  well  as  in  composition  from  that  of  the  almond. 

The  leguroin  of  beans  and  peas  is  soluble  in  oold  water,  and  the  solu- 
tion, upon  evaporation,  fiirms  a  skin  on  the  surface  which  is  renewed  as 
often  as  it  is  removed.  It  is  not  coagulated  by  boiline,  but  is  immediately 
thrown  down  in  iine  flocks  by  acetic  acid,  which,  wnen  added  in  excess, 
does  not  redissolve  it  (Liebig). 

The  legumin  from  sweet  almonds  is  also  soluble  in  cold  water,  hotv 
like  albumen,  falls  in  flocks  when  the  solution  is  heated  nearly  to  boil* 
iog.  It  is  precipitated  also  by  diluted  acetic  acid,  and  is  again  dissoived 
when  an  excess  of  this  acid  is  added  (Dumas). 

The  two  substances,  therefore,  are  diflerent  in  their  properties.  Their 
constitution  is  represented  respectively  by— 


Beans  Sweet  almonds 

(Roehleder>.  (Dumaa). 

Carbon        ....         64-5  50-4 

Hydrc^n    .        .        .        .          7*4  6-9 

Nitrogen      ....         14-8  18-^ 

Oxygen       ....        23*3  24-5 

100  100 

When  we  come  to  consider  the  feeding  of  aoimals,  we  shall  find  that 
this  difference  in  the  composition  of  the  two  varieties  will  materially  af- 
fect the  view  we  must  take  in  regard  to  the  action  of  each  in  contributing 
to  the  support  of  the  various  parts  of  the  animal  body. 

The  approximate  composition  of  the  entire  peas  and  beans  is  thus 
stated  by  Einhof.     [Zierl  Kncydopadie^  ii.,  p.  52]. 

Compoflition  oi  the  gruin.         Coinpoaltlon  of  the  fneoL 

War«r.        Husk.       Meal.         8(arrh.  Legiimifl.  Guni,&c 

Peas 140        105        75*5  06  0         23        12 

Field  Beans    .    .    .    16  6        162        06  3         690  19        12 

A  series  of  rigorous  analyses  of  the  seeds  of  leguminous  plants  is  at 
present  much  to  be  desired.  According  to  those  of  Bracounot  and  Einhof, 
certain  species  examined  by  them  consisted  of^ 

Kidnej     FMd  beans,     LeotUe, 
Peaa.  beans.        (Einliof.)         dried* 

(Eiohof.) 

Water •    125  230  16-6 

Husk       83  7-0  10^  18-7 

Legumin, albumen,  ^c .    264  23-6  11*7  38-5 

Starch 436  430  50-1  328 

Sugur 20  02  ^^  31 

Gum,  &45. 4  0         1-5         ^^         ea 

Oil  and  fat 1-2  0-7  1  1 

Salts  and  loss    ....      20  1-0  4-4  09 

100-0         lOOO      "  lOOK)         lOO-Ot 
These  analyses  agree  in  showing  that  the  seeds  of  leguminous  plants 

*  B7  dryinff,  the  lentils  lort  14  per  cent,  of  water. 

t  Dumas*  TVaiie  d€  Chimie,  vi.  p.  907,  compared  with  Thomson's  VeretabU  Cftem/sfry, 
p.  8B4,  Scbttbtor'i  AgripuUmt  CtonJe,  U.,  p.  lM,aiKl8prHi|el*s  Cktmit  fiir  LanditirtkM,  £, 


&19  srrscT  of  06il8  aitd  maitv&cs  itpoh  peas. 

are  especially  rich  in  substances  containing  nitrogen  (legurain  and  allra- 
men),  and  are  therefore  fitted  to  contribute  much  to  the  nourishment  of 
those  animals  which,  in  consequence  of  the  state  of  their  growth  and 
health,  or  the  purposes  (or  which  they  are  reared  and  maintained,  require 
a  large  supply  of  this  impo^rtant  element. 

§  20.  Effect  of  aoiU  and  manures  upon  Ou  quality  of  peas  and  beans. 

The  quality  of  the  seeds  of  leguminous  plants  is  also  affected  by  the 
mode  of  culture  to  which  they  are  subjected,  and  by  the  kind  of  soil  in 
which  they  are  raised. 

l**.  Effect  oj'  animal  mflniirM.— The  dung  "of  sheep  or  horses  has 
been  found  to  impart  a  better  flavour  to  the  pea,  and  to  render  the  husk 
thinner  than  when  that  of  hogs  or  oxen  has  been  used."  [British  Hus- 
bandry, ii.,  p.  217.] 

2*^.  Effect  of  mineral  manures. — The  effect  of  gypsum  and  of  other 
sulphates  Uf)on  leguminous  plants  is  universally  known  (p.  482.)  The 
beneficial  influence  of  a  mixture  of  gypsum  and  common  salt  upon 
sickly  crops  of  beans  and  peas  is  very  strikingly  dis])layed  in  the  inter- 
esting expcrinr.ents  of  Mr.  Alexander,  of  Soutlibar,  to  the  details  of  which 
I  have  already  had  occasion  to  draw  your  attention.  [See  Appendix,  p. 
217.] 

3°.  Effect  of  /jwc— Dr.  Anderson  says,  "  that  the  pea  cannot  he 
reared  to  perfection  in  any  field  which  hjis  not  been  either  naturally  or 
artificially  impregnated  with  some  calcareous  matter,"  but  that  **  a  soU 
whicii  could  hardly  have  brought  a  single  pea  to  perfection,  alihoiigh 
richly  manured  with  dung,  if  once  limed,  will  be  capable  of  producing 
aburidant  crops  of  [>eas  ever  (?)  aflerwardts  if  duly  prepared  in  other  le- 
•pects."     [Essays,  ii..  p.  302.] 

4°.  Boiling  or  mdtitig  quality  of  pea*.— But  the  most  singular  cir- 
cumstance in  connection  with  this  cUlss  of  seeds,  to  which  the  affricul- 
tural  chemist  has  hitherto  been  directed,  is  the  proi)erty  possest^ed  by 
peas  and  beans  of  boiling  soft  or  mouldering  into  a  pulp  more  or  less 
easily,  according  to  the  kind  Ul^  land  in  which  they  are  raided  or  to  the 
species  of  manure  with  which  they  are  dressed.  The  oliservations, 
however,  which  I  have  found  upon  record  in  reference  to  this  point  ars 
of  a  contradictory  character.     Thus — 

a.  Sprengel  says  "that  peas  which  are  raised  after  liming  or  marline 
hoil  sojt  more  easily,  and  are  more  agreeable  to  the  taste  than  when  raised 
after  manure."     [Die  Lehre  vom  Dunger,  p.  297.1 

6.  A  French  authority,  on  the  other  hand,  quoted  by  Loudon,  [Kncy* 
clopfediaof  Agriculture,  p.  837,]  says,  that  "stiff*  land  or  samly  l^jl 
that  ha^  been  limed  or  maried,  or  to  which  gypsum  has  been  applied, 
produces  peas  that  will  not  melt  in  hoilinfir,  no  matter  what  the  variety 
may  be.  The  same  elTect  is  produced  on  ilr  seeds  and  pods  of  beans 
and  of  all  leguminous  plants.  To  counteract  this  fault  in  the  boiling*  it 
is  only  necessary  to  throw  into  the  water  a  small  quantity  of  the  com- 
niou  soda  of  the  shops." 

c.  The  author  of  the  British  HusbnnJrjf,  [ii.,  p.  217,]  says,  **that 
shell  mari  or  lime  is  found  to  forward  this  crop  more  than  anv  other 
mineral  manure,  though  it  is  said  to  communicate  a  degree  of  harJjiefiS 
to  the  grain  which  reisers  it  unfit  for  boiling." 
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Indepenclently  of  all  applications  to  the  soil,  I  believe  it  is  generally 
observ^  tliat  good  boilers  are  produced  upon  lights  sandy,  and  gravelly 
soils  ;  wliil^  heavy,  wet,  undrained  (and  newly  broken  up  I)  land  usually 
produces  bad  boiling  peas  and  beans.  Thus  melting  peas  (sidder  peas, 
as  tbey  are  locally  called^  for  the  Birmingham  market  are  grown  on  the 
slopes  of  tiie  gravelly  hill  of  Hopwas,  two  miles  from  Tamworth,  on 
the  Lichfield  road-^the  red  clay  lands  of  the  vale  of  the  Tame  produc- 
ing in  general  pig*  ])eas  or  beans  only.  It  is  on  similar  soils  that  melt- 
ing barley  and  mealy  potatoes  are  produced,  and  the  efiect  upOB  tho 
t^ee  crops  may  probably  be  due  to  a  common  cause. 

At  all  events  it  is  probable— 

a.  That  the  boiling  quality  of  th^  pea  crop  is  not  owing  to  the  qual- 
ity of  the  seed<«since  peas  of  both  varieties  have  been  raised  from  the 
B^iae  seed.f 

6.  That  it  is  not  generally  owing  to  the  seasons,  since  some  land  pro- 
duces hard  peas  every  year.  If  the  wetness  of  the  soil  indeed  have  any 
influence,  a  rainy  season  may  cause  the  production  of  bad  boilers  upon 
land  from  which  soft  peas  are  usually  reaped. 

4°.  Chemical  difference  beluften  the  two  varieties  of  p«a.— Why  does 
one  of  ^lese  varieties  of  pea  ixrS!.i  more  readily  than  the  other  f  For 
the  same  reason  very  nearly  that  one  iK)tatae  boils  mealy,  and  another 
waxy,  aud  that  one  sample  of  barley  melts  better  in  the  mash-tub  than 
another.  Melting  peas  and  barley  and  mealy  potatoes  contain  a  larser 
proportion  of  starch  tlian  samples  wliich  are  possessed  of  an  opposite 
quaility. 

The  pea,  as  we  have  seen,  consists  essentially  of  legumin  and  starch. 
The  former  coagulates  and  contracts,  or  runs  together  into  a  mass  by 
boiling, — the  latter,  on  the  contrary,  expands,  becomes  more  bulky,  tends 
to  burst  the  bask,  and  to  Separate  into  single  grains.  If  the  tendency  to 
contract  and  cohere  be  greater  than  ilie  ilisfMisition  to  expand  and  sepa- 
rate—in other  words,  if  the  legumin  predominate— the  pea  does  not  melt, 
while  if  the  starch  be  abundant  the  pea  boils  well.  It  is  possible  that 
the  addition  of  a  little  soda  may  cause  hard  pea^s  to  melt,  since  legumin 
is  soluble  in  a  solution  of  s(xla,  but  in  waters  impregnated  with  lime  all 
peas  are  said  to  boil  soft  much  less  readily  than  m  such  as  are  free  from 
that  ingredient.     [Dumas,  Traiie  de  Chimie,  vi.] 

It  is  only  when  peas  and  beans  are  raised  for  the  food  of  man  that  the 
possession  of  the  melting  property  becomes  a  matter  of  importance.  It 
IS  ratlier  because  they  are  more  agreeable  to  the  palate  than  because  they 
are  ascertained  to  be  more  nutritive,  that  they  are  preferred  in  this  state. 
When  we  come  to  consider  the  feeding  of  stock,  we  shall  see  that,  ac- 
cording to  the  present  state  of  our  knowledge,  the  opinion  may  rea- 
sonably be  entertained  that  insoluble  peas  are  really  better  adapted  for  the 
feeding  and  fattening  pigs  ami  other  stock — the  purpose  for  which  they 
are  employed — than  those  which  are  posseifsed  of  the  melting  quality. 

It  is  a  ditlerence  in  the  cliemical  composition  of  the  seeds  of  legumi- 
nous plants  that  makes  them  melt  more  or  less  easily— -but  by  what 

"  Much  nsed  for  the  feeding  of  pigs. 

t  8om^  however  suppose  ii  to  depend  upon  the  age  of  (he  teed,  or  the  tUns  of 
-^BrUith  llu$bandrjf,  U.,  p.  217. 
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quality  in  the  soil  or  maoure  is  this  diflerence  in  composition  prodnced  ? 
In  regard  to  lime  the  evidence  is  contradictory.  Gypsum  may  render 
them  harder  since  legumin  contains  sulphur,  and  a  portion  of  the  eflfect 
of  gypsum  upon  le^minous  crops  is  supposed  to  arise  from  its  yielding 
sulphur  to  the  growmg  plants,  and  thus  promoting  the  production  of  le- 
gumin. Wet  and  clay  lands  also  favour  the  production  of  legumin 
more  than  that  of  starch—- hut  in  what  way,  we  are  not  yet  in  possession 
of  experimental  results  of  sufficient  accuracy  to  enable  us  to  say. 

§  21.^. Of  Ou  comjfOiUion  of  potatoes^  and  the  effect  of  drcumstances  m 
modifying  their  composition. 

1°.  Composition  of  potatoes, — Potatoes,  in  addition  to  much  water, 
consist  of  starch,  gum,  woody  fibre,  and  albumen.  The  proportions  of 
these  several  constituents  are  very  variable.  Thus,  according  to 
Einhof  and  Lampadius,  the  following  kinds  of  potatoe  consisted  in  100 
parts  of^ 

2°.  Influence  of  the  state  of  ripeness. — According  to  Korte  the  quan- 
tity of  dry  solid  matter  contained  in  the  potatoe  depends  very  much  upon 
the  state  of  ripeness  to  which  it  has  attained.  The  ripest  leave  30  to  32 
))er  cent,  of  dry  matter,  the  least  ripe  only  24  per  cent.  The  per 
fx^ntage  of  starch  varies  from  8  to  16  per  cent.  The  mean  resuU  of  his 
examination  of  55  varieties  of  potatoe  gave  him  for  the  solid  matter  24*9, 
and  for  the  starch  11*85  per  cent.  [Schiibler,  Agricultur  Chemie,  ii.,  p* 
t»13.] 

3°.  Influence  of  variety. '^•Much  appears  also  to  depend  upon  the 
variety  of  potatoe.  Thus  the  following  varieties  of  ]X)tatoe  grown  at 
Barrochan  in  Renfrewshire,  in  1842,  yielded  respectively— 

Connaught  cups        ....         21     per  cent,  of  starch. 

Irish  blacks 16j  ** 

White  dons 13  •* 

Red  dons lOJ  •* 

—while,  according  to  a  starch  manufacturer  in  the  neighbourhood,  Hi 
j)er  cent,  has  been  the  average  quantity  obtained  from  the  common 
roii^h  red  of  good  quality  during  the  last  four  years. 

The  difference  in  the  (|nantity  of  starch  yielded  by  the  abave-nampd 
varieties  is  the  more  stnking  when  taken  in  connection  with  the  weicht 
of  each  per  acre,  raised  from  tlie  same  land,  treated  in  the  same  way. 
These  weights  were  as  follows  :^ 

Containing  of 

aCanure.  Prodoc«  per  acre.  ararch. 

Cup§.  with  4  cwt.  of  gaano  13f  tona  2-9  tons- 

nedbom,     with  4  cwL  of  guano  14|     «  1-5     " 

If^Ute  Amf^  wIthScwt.  ofguaoo  l^'    **  24     " 

So  that,  of  these  three  crops,  that  of  cups,  which  weighed  the  leasl, 
gave  the  largest  produce  of  starch.  It  yielded  nearly  twice  as  much  as 
the  red  dons,  wnich  were  half  a  ton  heavier,  and  one-fifth  more  ilian 
pv(.'n  the  while  dons,  the  crop  of  which  was  greater  by  five  tons  an  acre. 
Such  diflTerences  as  these,  in  the  relative  quantities  of  starch,  which  may 
be  obtained  from  an  acre  of  the  same  land  by  the  growth  of  dlfTerent  va- 
rieties of  potatoe  are  deserving  of  the  attentive  consideration  of  the  prac- 
tical man. 

.8««  Appmdis,  p.  61. 
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Larger  qaantities  of  starch  than  an^  of  those  above  stated  have  been 
obtained  from  potatoes  by  some  experimenters.     Thus  from  the 

Per  cent  of  ■tarcb. 
Kidney  potatoe,  Dr.  Pearson  obtained        •        •        .      28  to  32 
Apple       do.      Sir  H.  Davy      ...         .        .      16  to  20 

Sbaw        do.       Vauquelin 18-8 

L^Orpheline  do. 24*4 

The  first  and  last  of  these  proportions  are  probably  very  rare  in  our 
climate. 

4°.  Effect  of  keeping. — Tbose  potatoes  are  said  to  keep  best  in  which 
the  starch  is  most  aoundant,  but  in  general  keeping  has  an  effect— 

a.  On  the  propartion  of  starch-^-^y  keeping  till  the  spring,  potatoes 
lose  from  4  to  7  per  cent,  of  their  weight,  and  the  quantity  of  starch  they 
are  capable  of  yieldihg  suSers  a  considerable  diminutiou.  Thus,  ac~ 
.cording  to  Payen,  the  same  variety  of  potatoe  yielded  of  starch  in 

October,         17*2  per  cent.  January,      15-5  per  cent.  \ 

November,    16-8        *•  February,     15-2  " 

December,     15-6        "  March,         15-0  " 

April,  14-5  " 

This  diminution  is  probably  owing  to  the  conversion  of  a  portion  of  the 
starch  into  sugar  and  gum.  w  hen  potatoes  are  rendered  unfit  for  food 
by  being  frozen  and  suddenly  thawed,  the  quantity  of  starch  which  they 
are  capable  of  yielding  is  said  to  have  undergone  no  diminution. 

b.  On  the  proportion  of  glulen.-^The  proportion  of  gluten  also  ap- 

gsars  to  become  less  when  potatoes  are  kept.  Thus,  in  new  potatoes 
oussingault  found  the  gluten^amount  to  24-  per  cent.,  but  in  old  potatoes 
to  only  1^  per  cent,  of  their  weight.  To  tliis  natural  diminution  of  the 
proportion  of  starch  and  gluten,  is  probably  to  be  ascribed  the  smaller 
value  in  the  feeding  of  stock,  which  experience  has  shown  very  old  po- 
tatoes to  possess. 

5^.  Effect  of  soils  and  manure^.— The  potatoe  thrives  best  on  a  light 
loamy  soil— neither  too  dry,  nor  too  moist.  The  most  agreeably  flavour- 
ed table  potatoes  are  almost  always  produced  from  newly  broken  up 
pasture  ground,  not  manured,  or  from  any  new  soil.  [Loudon^s  Encv- 
clopse  Jia  of  Agriculture,  p.  847.]  When  the  soil  is  suitable,  lliey  deliglit 
in  much  rain,  and  hence  the  large  crops  of  potatoes  obtained  in  Ireland, 
in  Lancashire,  and  iu  the  west  of  Scotland.  No  skill  will  enable 
the  farmer  to  produce  crops  of  equal  weight  on  the  east  coast  where 
rains  are  less  abundant.  //  has  not  been  shouDn^  however^  that  the  weighs 
of  starch  produced  in  the  less  rainy  districts  is  defective  in  an  equal  a«- 
eree.  Warm  climates  and  dry  seasons,  as  well  as  dry  soils,  appear  to 
increase  the  per-centage  of  starch. 

Potatoes  are  considered  by  the  farmer  to  be  an  exhausting  crop,  and 
they  re(]uire  a  plentiful  supply  of  manure.     By  abundantly  raaniuing, 
however,  the  land  in  the  neighbourhood  of  some  of  our  large  towns,  , 
where  this  crop  is  valuable,  have  been  made  to  produce  potatoes  and 
corn  every  other  year,  for  a  very  long  period. 

6°.  Jnfiuenee  of  saline  manwrw.— I  have  already  drawn  your  attention 
to  the  remarkable  influence  of  certain  saline  substances  in  promoting  the 
growth  of  the  potaioe  crop  in  some  localities.  The  most  striking  eSecta 
of  this  kind  hitherto  observed  in  our  island  hare  been  produced  by  mix- 
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tares  of  the  nitrate  of  soda  with  the  sulphate  of  soda  or  with  the  sulphate 
of  magnesia.*    The  eflect  of  such  mixtures  affords  a  beautiful  illustration 
of  the  principle  I  have  frequently  before  had  occasion  to  press  upon  your 
attention-^hat  plants  require  for  their  healthy  growth  a  constant  supply 
of  a  considerable  number  of  different  organic  and  inorganic  substances. 
Thus  upon  a  field  of  potatoes,  the  whole  of  whioh  was  manured  alike 
with  40  cart  loads  of  dung,  the  addition  of-^ 
a.     Nitrate  of  soda  alone  gave  an  increase  of  3}  tons.  - 
Stilphate  of  soda  alone  gave      ...      0      ** 
While  one  half  of  each  gave 

h.    Sulphate  of  anmionia  alone  gave 

Sulphate  of  soda 

But  one  half  of  each  gave      .    • 

c    Nitrate  of  soda  alone  gave    ....      3} 
Sulphate  of  magnesia  alone  gave 
And  one  half  of  each  gave     .     . 

These  results  are  very  interesting,  and  when  confirmed  by  future  re- 
petitions of  such  experiments— and  followed  up  by  an  examination  of 
the  qiiality  and  composition  of  the  several  samples  of  potatoes  produced— 
cannot  fail  to  lead  to  very  important  practical  conclusions. 

7®.  Occasional  failure  of  seed  potatoes, ^^The  seeds  of  al!  cultivated 
plants  are  known  at  times  to  fall,  and  the  necessity  of  an  occasional 
change  of  seed  is  recognised  in  almost  every  district.  In  the  Lowlands 
of  Scotland  potatoes  brought  from  the  Highlands  are  generally  pre- 
ferred for  seed,  and  on  the  banks  of  the  Tyne  Scottish  potatoes  bring  a 
higher  price  for  seed  than  those  of  native  growth.  This  superior  quality 
is  supposed  by  some  to  arise  from  the  less  perfect  ripening  of  the  up-  land 
potatoes,  and  in  conformity  with  this  view  the  extensive  failures  which 
nave  taken  place  during  the  present  summer  (1643)  have  been  a<)cribed 
to  the  unusual  degree  of  ripeness  attained  by  the  potatoes  during  the 
warm  dry  aummn  of  the  past  year. 

This  may  in  part  be  a  true  explanation  pf  the  fact,  if— as  is  said— the 
ripest  potatoes  always  contain  the  largest  pmportion  of  starch — since 
some  very  interesting  observations  of  Mr.  Stirrat,  of  Paisley,  would 
•eem  to  indicate  that  whatever  increases  the  per-centage  of  starch,  in- 
creases also  the  risk  of  failure  in  potatoes  that  are  to  he  used  for  seed.f 
This  subject  is  highly  deserving  of  further  invesrigation. 

'  For  the  particaUtra  of  these  experlmeots  see  the  AppentKs. 

t  I  toeert  Mr.  Slimt'a  letter  upon  this  rabjecC,  nnt  only  b<>eauee  hie  obeervBtkNM  era  to. 
tareeiinff  In  ibemeelt ee,  but  because  they  ere  reelly  deserving  of  the  cereful  etieotloo  of 
prftrticsl  men :—  ^ 

** Sis,— The  foilowfnic  experiment  wiih  poUloes  wsa  tried  with  the  vtew  ofdiseoverlnf  the 
.cause  of  so  maDv  faUnres  ki  the  crops  of  late  Tears,  trom  the  see*!  not  Tejietstiog,  and  roitiof 
In  the  froiind.  1  hsd  an  idea  Ihat  the  Tegetalive  principle  of  the  plant  micht  twrome  weak 
In  consequence  of  beiiis  grown  on  land  that  had  t>eea  «  lone  time  subjected  to  cropping,  and 
not  allowed  any  Ipnsth  oiilme  (o  lie  si  rest  I,  therefore,  raised  a  few  bolls  on  land  thai  had 
lain  \th  for  70  year*  (belnv  part  of  my  bleach  green),  ana  found  tliat  these  on  t>eing  planted 
■cain  the  following  year  were  reroarxably  sfTt>ng  and  healtliy,  snd  not  a  plsnt  gave  way,  and 
I  tiave  continued  the  same  method  for  the  last  six  year8,amlihe  result  hts,in  every  insiance, 
been  equalYy  favourable.  Four  years  ago,  one  boll  of  my  seed  potatoes  was  planied  along 
with  some  oihera  in  a  field  of  about  an  acre,  the  other  seed  was  grown  on  the  farm,  and  the 
seed  all  gave  way  exoepting  that  got  firom  me.    They  were  all  planted  at  the  same  time  aad 
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8^.  Eject  of  saline  top-dressings  on  the  quality  of  the  seed.'-Ai  may 
be  doubted,  however,  whetlier  the  relative  proportioDA  oftttarch  are  to  be 
considered  as  the  cati^e  of  the  relative  values  of  different  sampJes  of  seed 
potatoes.  This  proportion  may  prove  a  valuable  test  of  the  probable 
success  of  two  samples  when  planted,  without  being  itself  the  reason  of 
the  greater  or  less  amount  of  failures.  With  the  increase  of  the  starch 
it  is  probable  4hat  both  the  albumen  and  the  saline  matter  of  the  potatoe 
will  in  some  degree  diminish,  and  both  of  these  are  necessary  to  its  fruit 
fulness  when  used  for  seed. 

The  value  of  the  saline  matter  is  beautifully  illustrated  by  the  obser- 
vation of  Mr.  Fleming,  that  the  potatoes  top-dressed  with  sulphate  and 
nitrate  of  soda  in  1841,  and  used  for  seed  in  1842,  **  presented  a  remark- 
able contrast  to  the  same  variety  of  potatoe,  planted  alongside  of  them, 
but  which  had  not  been  so  top-dressed  in  the  previous  season.  These 
last  came  away  weak,  and  of  a  yellowish  colour,  and  under  the  same 
treatment  in  every  respect  did  not  produce  so  good  a  crop  by  Bfteen  holla 
(3|  tons)  an  acre.*'  This  observation,  made  in  1 842,  is  confirmed  by  the 
appearance  of  the  crops  now  growing  (July,  1843)  upon  Mr.  Fleming's 
experimental  fields.  The  prosecution  of  the  enquiry  opened  up  by  his 
experiments  promises  to  lead  to  the  most  valuable  practical  results.*  iThey 
may  teach  us  how  to  secure  at  all  times  a  fruitful  seed,  and  thus  to  dis- 
pense with  supplies  of  imported  produce. 

§  22.  The  composition  of  the  turnip^  the  carrot,  the  beet,  and  the  parsnip. 

1®.  Composition. — The  potatoe  is  chsgracterised  by  containing  a  large 
proportion  of  starch  in  connection  with  a  small  quantity  of  albumen — tlie 
turnip  and  carrot  by  containing,  in  place  of  the  starch,  a  variable  pro- 

with  th«  nme  mannre.  From  tliese  circilmiitanee«,  1  am  of  opinion,  that  If  farmert  ir^rs 
careful  in  ralainf  thflrown  seed  polatnea  Trom  land  Ihaf  haa  lain  k>nc  in  a  atale  of  rf*at  (o>— or 
where  Ihm  cannot  be  hail,  the  Mune  object  can  be  obfained  bT  biinf^infr  nrw  soil  to  the  sur* 
free  by  trtnrhtnir  aa  nmch  aa  is  neceaaary,  or  by  Ih^  oae  of  the  aubfoil-ptoo^h— faiiurea  of 
the  potaioe  cn>it  from  the  ae«d  not  being  good,  woul<l  become  much  leea  frequent  1  am 
•oniewhat  ronlirmetf  in  this  opiniun  by  ihe  fact,  thai  it  haa  been  fuund  for  theiaM  dozen  of 
Tears  tlial  generally  tiit^  heat  seed  poiarnea  have  been  got  from  farms  in  the  monro  or  high 
Unda  of  the  country.  The  reaann  of  thia  may  l>e  (hat  theae  hiffh  landa  iiare  b<>en  but.of  late 
broucht  under  cmpa  of  any  kind,  and  many  of  them  butnewly  brought  from  a  aiaie  of  nature, 
utt\  the  superiority  of  seefl  |iotatoea  from  theae  high  landa  may  nut  at  all  arise  (aa  is  gene- 
rally  supp«i»ed)  from  a  change  of  soil  or  climate. 

**  Potatoea  raised  on  new  snil,  or  on  grdumi  thai  haa  been  long  lying  lea,  are  not  so  gonci 
for  the  table  as  the  others,  being  mostly  very  soil,  snd.  by  the  foltoHing  rxperiment,  it  would 
appear  that  they  contain  a  much  less  qtiantity  of  farina  than  those  which  are  raised  from 
land  that  has  been  somt*  lime  under  crop,  and,  perhaps,  tills  is  the  reason  whv  they  arc  better 
for  aeed.  From  one  pecl(  of  p«»tArne8,  gn^wn  on  land  near  Paisley,  which  has  been  almoat 
eon<rtantly  under  crop  for  the  last  30  years,  I  obtained  neany  7  Iba.  of  flour  or  starch ;  and 
from  the  other  peck,  grown  on  my  bleach  green,  the  quantity  obrained  was  under  4  tl)s..from 
which  ii  would  serm  thnt  aa  the  vegetative  principle  of  the  plant  is  virengfheneil,  the  fariner 
ceous  principle  is  weakcnerl.  and  rice  tena.  Jas.  Btirsat." 

Paisley,  22d  November,  1842.  * 

(a)  Mr.  Finnic,  of  Swansf  one.  informs  me  that  the  growing  of  potatoes  intended  for  seed  npon 
new  land,  Itaa  li)ng  lieen  oraciised  by  good  farmers.  Mr.  Little,  of  Carit'»gill,  near  Langholm, 
writes  me  thut  in  Dunifrleuhire,  they  obtain  the  best  change  of  poiato«>  Heed  from  mossy 
land— of  oata  and  barley  from  the  warmer  and  drier  chmate  of  Roxburghshire.  The  grains, 
he  adds,  degenerate  by  onee  mtwivg,  aiill  looking  pluinp  when  dry,  but  having  a  thicker  huak, 
end  weighing  two  or  inre*  pounds  leea  per  bushel.  The  deterinraiion  of  seeds,  in  general, 
la  a  eAe«nico-phyalnloglr.al  aubject  of  great  iolereat  and  imporiance,  and  will  doubtless  aooa 
be  taken  up  and  investigated. 

*  In  the  Appendix,  p,  47,  the  experimeirta  are  recorded,  and  In  p.  66 1  have  more  folly  ad- 
vwrted  to  the  ioureatlng  remilit  likely  to  be  derived  from  the  condnoAiiee  of  euch  experlneoli. 
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portion  of  sugar,  and  of  a  gelatinous  gnmmy-like  substance,  to  which 
the  name  oi' pectin  has  been  given.  In  the  Swedish  turnip  and  in  beet- 
root the  sugar  ])redominate8,  in  the  white  turnip  and  in  the  carrot  the 
pectin  is  usually  present  in  the  larger  qnaniity. 

The  composition  of  the  turnip,  the  carrot,  and  the  beet  raries  veiy  much, 
and  is  influenced  by  a  great  variety  of  circumstances.  We  are  not  in 
possession  of  any  recent  detailed  analyses  o(  these  nx>ts.  The  following 
table  exhibits  the  component  parts  of  several  varieties,  as  they  have  been 
given  chiefly  by  Hermbstadt,  [Schiibler,  Ag.  Chem.,  ii.,  p.  207]  :^ 

Variety  of  Tornipc. '  Bucar 

,  Comnon      be«t        Parmlp 


White.  Swedish.  Cabbage.  Canm.  (Payeo).  (Croine> 

Water    ....  790  80^  TOO  800  85-0  794 

Starch  and abre    .  7*3  5  3  60  9^  30  69 

Gum  (pedin?)     .  25  30  3  5  175  20  61 

Sugar      ....  80  90  90  78  100  55 

Albumen     ...  25  20  25  11  1  21 

Salta 0-5  0-5  05  —  1  1 

I-088 0-3  0?  06  oil 036  —  — 


100         100         100         100        100        100 
Tliese  analyses  are  very  defective,  and  apply  ^ith  any  degree  of  cor- 
rectness only  to  the  specimens  actually  operated  upon.     Any  reasonings, 
therefore,  which  are  founded  upon  them  can  only  lead  to  probable  or  ap- 
proximate conclusions. 

2^.  The  proportion  of  sugar  contained  in  the  sap  of  these  roots  is 
greatest  when  they  are  young,  and  diminishes  as  they  ripen.  In  the 
beet,  it  has  been  observed  that  the  nitrates  of  potash  and  ammonia  are 
present  in  considerable  quantity,  and  that  in  the  old  beet  these  nitrates 
become  more  abundant  as  tlie  sugar  diminishes.  In  the  beet,  also,  when 
raised  by  tlie  aid  of  rich  tnanure,  the  production  of  nitrates  is  increased 
more  than  that  of  sugar.*  The  same  may  possibly  be  the  case  with  the 
coiuinon  cultivated  turnips.  It  would  not  be  without  interest,  both  theo- 
retically and  practically,  to  ascertain  by  experiment,  the  relative  com- 
position of  the  same  variety  of  turnip,  grown  on  the  same  soil,  by  the 
aid  o£  rich  farm-yard  manure,  and  by  the  aid  of  bones  or  of  rape-dust. 
The  one  may  produce  more  6u&:ar,  the  other  more  albumen  or  nitrates. 
Such  differences  may  materially  aflect  the  value  of  the  crop,  either  in 
the  feeding  of  stock  or  in  the  production  of  an  enriching  manure.  It  is 
In  su^gestint;  and  carrying  on  enquiries  of  this  kind  tliat  the  joint  labours 
of  the  practical  farmer  and  of  the  theoretical  chemist  are  likely,  among 
other  ways,  to  promote  the  advancement  of  a  rational  andscienuflc  agii- 
cuUure. 

3°.  Effect  oj" soils  and  manures. — These  roots  delight  in  a  rich,  open, 
an  1  loamy  eoil — ^and  the  weight  of  produce  varies  much  with  the  kind 
of  manure  that  may  have  been  applied  to  them.  [See,  for  many  in- 
structive illustrations  of  this  fact,  the  experiments  upon  turnips,  detailed 
in  the  Appendix,  pp.  43  el  seq.]  No  experiments,  however,  have  yet 
been  made  to  determine  the  relative  proportions  of  water  and  of  their 
other  constituenu  which  the  same  turnips  contain,  when  raised  by  the 

*  AccordlDg  to  Pajrea,  the  beat,  trhen  lalMd  wkh  atrest  minora,  conlalni  90  timet  a» 
much  •ai^itif  as  whan  niaad  In  Uia  ordiaaiy  auanar. 
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aid  of  diflferent  manures,  nor,  consequently,  the  tme  effect  ofohese   / 
manures  upon  the  relative  values  of  the  several  crops. 

4®.  Quantity  of  water  in  different  varieties  of  turnip. — The  same  re- 
mark may  be  made  in  regard  to  the  several  varieties  of  turnip.  AU 
those  examined  by  Hermbstadt,  as  appears  from  the  above  tables,  con- 
tained 20  to  22  per  cent,  of  solid  matter  (78  to  80  of  water),  while  other 
experimenters  have  found  as  little  as  from  8  to  15  of  solid  matter  in  tur- 
nips, and  generally  less  in  the  white  and  large  globe  turnip  than  in  the 
yellow  and  more  solid  Swede. 

Thus,  four  varieties  of  the  above  roots  contain  of  water  and  solid  mat- 
ter, according  to  three  different  experimenters  : — 

WATBR  PgR  OUHT.  ftRT  MATTBB  PBR  OMHT. 

r-  ■■■■       *-      ■  ■   — »  /—      '      ■  "  --% 

BlDhof.  nayfair.  ^^^       Blohof.  PtoyfRlr.  ^SJj*" 
White  turnip       93        89        79  8        11        21 

Swedish  do.  87|      85       80  12|      15        20 

Cabbage  do.  86       —        78  14       —       23 

whlt«. 
Carrot  .    .  86       87       80  14        13        30 

The  above  differences  are  very  ^eat,  especially  when  we  look  to  the. 
relative  proportions  of  dry  matter  in  which  the  nutritive  power  resides. 
They  are  of  much  importance,  therefore,  to  the  feeding  of  stock,  and 
the  circumstances  under  which  they  occur,  are  deserving  of  a  careful  in- 
vestigation. 

5°.  Relative  nutritive  properties  of  the  potatoe  and  the  tumip.'^The 
potatoe  is  usually  considered  more  nutritive  than  the  turnip,  weight  for 
weight,  and  no  doubt  it  generally  is  so.  But  if  we  compare  together"  the 
inantities  of  solid  matter  which  the  two  roots  niay  contain,  we  shall  see 
how  very  far  wrong  our  estimate  may  be  in  any  special  cSLse.  Thus— 
The  turnip  contains  of  solid  matter  from  8  to  22  per  cent. 

The  potatoe  do.  do.  24  to  32         •* 

—so  that,  while  the  driest  turnips  may  contain  four  times  as  much  solid 
matter  as  the  most  watery  potatoes,  very  dry  potatoes  may  contain 
nearly  as  much  as  very  juicy  turnips.  It  is  impossible,  thererore,  with- 
out an  actual  examination  of  the  samples,  to  pronounce  upon  the  relative 
amount  of  food  which  is  likely  to  be  contained  in  any  equal  weights  of 
turnips  and  potatoes.  The  very  discordant  estimates  which  different 
feeders  of  stock  have  formed  in  regard  to  the  relative  value  of  these 
crops  in  the  production  of  beef  or  mutton  is  partly  owing  to  this  cause; 
rOrher  causes  for  these  discordant  estimates  will  be  stated  in  Lecture 
aXI.]  Until  the  effects  of  equal  weights  of  the  different  kinds  of  food, 
estimated  in  the  dry  state,  are  carefully  ascertained,  it  will  be  impossible 
to  obtain  results  of  a  general  kind  or  upon  which  any  real  confidence 
can  be  placed. 

§  23.  Of  the  composition  of  the  green  stems  ofpecu,  vetches,  clover,  spurry^ 
and  huck-wheai. 
The  stems  and  leaves  of  plants  which  are  given  as  ffreen  food  to 
animals  differ  much  in  composition,  accorrling  to  the  age  they  have  at- 
tained, to  the  rapidity  of  their  growth,  to  the  nature  of  the  soil,  the 
season,  and  the  mode  of  culture.  They  are  generally  supposed  to  bo 
richest  in  nutritive  matter  when  the  plant  has  just  come  into  flower. 
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*  The  following  table  exhibits  the  approximate   compoeition  of  tho 

Cn  stems  of  some  clovers  and  vetches,  as  they  have  been  given  by 
bof  and  Crome : — 


I       $ 


I'  i    II    f    I     ^ 


Water      .        .  .  800    760  800  75  0  770  825  775  79  5  860 

Starch              .  .    3-40    1-4  10  22  2-3  4  7  2  6  3  8  13 

Woody  fibre    .  .103113-9  11-5  143  120  10-0  10-4  11-5  7-0 

Sugar       .        .  .    455    21  1 5  0-8  —  —  —  —  — 

Albumen  .    090    20  15  1-9  23  02  1-9  0-7  1« 
Extractive  matter  and 

gum      .  .    0«    3-5  34  44  5^  2-6  76  3-6  2-9 

Phosphate  of  lime  .    019    1*0  0^  0-8  0-8  1  —  —  — 

Wax  and  Resin  .      —     01  02  0-6  1  1  1  0-9  10 

100     100      99-9  100      99-6  100     100      100     lOO 

§  24.  Of  the  composition  of  the  grcuses  token  made  into  hay» 

4^.  An  elaborate  examination  of  the  grasses  of  this  country »  in^e 
dry  state,  with  the  view  of  determining  their  relative  nutritive  proper- 
ties, was  made  by  the  late  Mr.  Sinclair,  gardener  to  the  Duke  of  Bed- 
ford. His  metliod  was  to  boil  in  water  equal  weights  of  each  species  of 
hay  till  every  thing  soluble  was  taken  up,  and  to  evaporate  the  solution 
to  dryness.  The  weights  of  the  dry  matter  thus  obtained  he  considered 
to  represent  the  nutritive  values  of  the  grasses  from  which  the  several 
samples  of  hay  were  made. 

The  results  of  Mr.  Sinclair,  however,  have  lost  much  of  their  valuet 
since  it  has  been  satisfactorily  ascertained— 

a.  That  the  proportion  of  soluble  matter  yielded  by  any  species  of 
grass,  when  made  into  hay,  varies  not  only  with  the  age  of  the  grass, 
when* cut,  but  with  the  soil,  the  climate,  the  season,  the  rapiJify  m 
growth,  the  variety  of  seed  sown,  and  with  many  other  circumstances 
which  are  susceptible  of  constant  variation. 

fc.  That  animals  have  the  power  of  digesting  a  greater  or  less  propor- 
tion of  that  part  of  their  food  which  is  insoluble  in  water.  Even  the 
woody  fibre  of  the  hay  is  not  entirely  useless  as  an  article  of  nourish- 
ment—experiment having  shown  that  the  manure  often  contains  less 
of  this  insoluble  matter  than  was  present  in  the  food  consumed.*  (Spren- 
gel.) 

c.  That  some  of  the  substances  which  are  of  the  greatest  importance 
in  the  nutrition  of  animals — such  as  vegetable  tibrin,  albumen,  casciOt 
and  legumin — are  either  wholly  insoluble  in  water  or  are  more  or  less 
perfectly  coagulated  and  rendered  insoluble  by  boiling  with  water.  Mr. 
Sinclair,  therefore,  must  have  left  behind,  among  the  insoluble  parts  of 

*  Thla  will  not  appear  flornrlring  wh^n  it  ia  recollected  that,  by  prolonted  dltaarton  ^ 
dlluti'd  siilphurfo  acrd,  inaoluble  woody  fibre  ma?  be  slowly  chiuued  Into  soluble  P***  J* 
•i4ffar  (Keep.  112).  The  prnporUon of  ihe  woody  fibre  which  will  be  thus  worke«i  ap  m  we 
Btorruich  oran  animal  will  depend,  among  other  cirrumalancee,  upoo  the  eonsUtuilon  o[j!!Z 
animal  irself,  upon  the  atuimtance  of  food  auppUcd  to  it,  and  upon  the  DKtn  or  lest  p^ru^ 
masUcaiioa  to  which  the  food  ia  subjected. 
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fUB  hay,  the  greater  proportion  of  these  importaDt  substances.  Hence, 
the  nature  and  weight  of  the  dry  extraets  he  obtained  could  not  fairly  re- 
present either  the  kind  or  quantity  of  the  nutritive  matters  whicn  thd 
bay  was  likely  to  yield  when  introduced  into  the  stomach  of  an  animal. 

For  these  reasons  I  do  pot  think  it  necessary  lo  dwell  upon  the  results 
of  his  experiments.* 

2°.  Wooc^jf  fibre  in  the  grasses. ^-In  the  stems  of  the  grasses  (in  hay 
and  straw),  woody  fibre  is  the  predominating  ingredient.  They  are  not 
destitute  of  starch,  gum,  and  sugar,  but  they  are  distinguished  from  all 
the  other  usual  forms  of  animal  food,  by  the  large  quantity  of  woody 
fibre,  and  of  saline  or  earthy  matter  which  tliey  contain.  The  propor- 
tion of  woody  fibre  in  the  more  eommon  grasses,  in  their  usual  state  of 
dryness  when  made  into  hay  and  straw,  is  thus  given  by  Sprengel  (see 
p.  106):— 

P«r  cane  Per  cent 

Wheat  straw,  ripe  ....    52 

Barley  straw,  do 50 

Oat  straw,  do 40 


Rye  straw,  do.     •     .     ,     .     .     48 
Indian  corn,  do 24 


Pea  straw,  ripe 30 

Beau  straw,  do 51 

Vetch  hay,  do 42 

Red  clover,  do 28 

Rye  grass,  do 35 


The  proportions  of  woody  fibre  here  given,  however,  can  be  considered 
only  as  approximations.  The  riper  the  straw  or  grass,  the  less  soluble 
matter  does  it  contain,  and  every  farmer  knows  how  much  soil,  season, 
and  manure,  afTect  the  quality  of  his  artificial  grasses.  One  field  will 
crow  a  hard  wiry  rye-grass,  while  another  will  produce  a  soft  and  flexi- 
ble plant,  and  a  highly  nutritious  hay. 

3^.  Gluten  in  the  grasses, — Boussmgault,  who  considers  the  relarive 
nutritive  value  of  the  vegetable  substances  employed  for  fodder  to  be  in- 
dicated by  the  proportions  of  nitrogen  ihey  severally  contain,  has  arranged 
grass  and  clever  hays  and  the  straws  of  the  corn  plants,  in  their  usual 
state  of  dryness,  in  the  following  order  :— 

Or  eluten.  Equal  effect* 

Nitrocen       Ac.)  sh<uild  be 

per  ceaL    per  cent  prodoced  bjr 
'      115           71 


Hay  from  mixed  grasses      J     J.JJ         g.J     5       100  lbs. 

Do.   afiermath 

Do.  from  clover  in  dowei 
Pea  straw 
Lentil  straw 


Indian  corn  straw 
Wheat  straw 
Barley  straw 
Oat  straw    . 


1 54         9-3  75t ' 

15  9  3  75   *' 

1 95        12  3  64t  *' 


101  6  4  114 

0-54  3-4  240 

—  —  590 

—  —  520 

—  —  560 


We  shall  have  occasion  to  compare  the  atiove  theoretical  Talues 
(equivcdents)  assigned  to  the  several  kinds  of  fodder,  with  the  results  of 

*  They  will  be  fnon<<  at  length  In  the  Appendix  to  Dary'i  AgrieuUural  Chmnutry,  or  In  a 
tabalatod  form  in  Schftbler's  Agrieultur  OkemU,  U.,  p.  aO& 

t  Ii  Is  nenally  sappoaed  that  the  aftermath  to  not  ao  TaluaDle  M  the  fint  produee.  Schwerti, 
bowever,  eooaidera  ft  more  nouriahioy  by  one-ienlh  pait. 

X  ''The  vnliie  of  all  atmw  for  fotlder  must  depend  on  ihe  mode  In  which  it  la  harreated. 
Id  Scotland,  tti«f  ord«ir  in  which  the  fkrmn  pUren  hi*  arraw  for  fcxlder  is— l!*i,  pea ;  2nd| 
bean  ;  3d,  oac ;  4c  ti,  wh«*at ;  5ih,  bv^ey.  While  U>  England,  where  the  betin  ia  quite  withered 
Mbi*  It  to  cm,  it  alanda  laai  in  Uie  acale."— Mr.  Hyeti,  Bitffal  A^tieuUurtU  JourmO,  Iv.,  p.  148. 
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practical  eKperieDce,  when  we  come  to  direct  our  attention  more  paid- 
cularly  to  the  feeding  of  stock. 

4°.  Fatty  matter  in  the  ^ra««e#.^Besldes  woody  fibre,  starch,  gnm, 
and  gluten,  dry  hay  and  straw  contain  also  a  variable  proportion  of  fatly 
matter;  According  to  Liebig,  it  does  not  exceed  1*56  per  cent,  in  hay« 
while,  according  to  Duma3  and  Boussingault,  as  much  as  3,  4,  or  even  5 
per  cent,  of  tkt  can  be  extracted  from  it.  To  this  fact  we  shall  also  re 
turn  when  considering  the  methods  of  fattening  stock. 

5^.  Inorganic  matter  in  the  gnuses.'^The  proportion  of  saline  and 
earthy  matter  contained  in  the  grasses  is  an  important  feature  in  their 
composition.  This,  as  I  have  already  said,  is  much  larger  than  in  any 
-of  the  other  kinds  of  food  usually  given  to  animals,  being  seldom  leas 
than  5,  and  occasionally  ^mounting  to  as  much  as  10  per  cent,  of  their 
weight  when  in  the  state  of  hay  or  straw.  A  large  proportion  of  the  ash 
left  by  the  stems  of  the  corn  plants,  and  by  many  grasses,  consists  of 
silica.  The  straw  of  the  bean,  pea,  and  vetch,  and  Uie  ditferent  kindi 
of  clover  hay,  contain  little  silica,  its  place  in  these  plants  being  sappliec 
by  a  large  quantity  of  lime  and  magnesia. 

^  §  25.  Ofhempt  line,  rape,  and  other  oil-bearing  $eeds» 

The  oily  seeds  are  important  to  the  agriculturist  from  their  long  ac- 
knowledged value  in  the  feeding  and  fattening  of  cattle.  Lintseed  is  ex- 
tensively used  for  the  latter  purpose,  both  in  its  entire  state  and  in  tfat 
form  of  cflAe— when  the  greater  part  of  the  oil  has  already  been  expreasec 
from  it.  All  these  seeds,  however,  are  not  e<{ually  palatable  to  cattle. 
Some  varieties  they  even  refuse  to  eat.  Among  these  is  the  rape-eeed, 
from  which  so  much  oil  is  expressed,  and  the  oDce  left  by  which  is  now 
BO  extensivelv  employed  as  a  manure. 

These  seeds  are  distinguished  from  those  of  the  com  plants,  by  con- 
taining, instead  of  starch  or  sugar,  a  predominating  proportion  of  oil;  and 
instead  of  their  gluten  a  substance  soluble  in  water,  which  possesses  many 
of -the  properties  of  the  curd  of  cheese  (casein). 

We  are  in  possession  of  a  somewhat  imperfect  analysis  of  hemp  seed 
and  of  the  seed  of  the  common  lint,  according  to  which  the  varieties  ex- 
amined consisted  in  100  parts  of— 

Hemp  Med  Lime  aeod 

(Buchols).  (Leo  M eteff>. 

Oil 19-1  11-3 

Husk,  &c '  38-3  44-4 

Woody  fibre  and  starch  .    •  6*0  1-6 

Sugar,  &c 1-6  10'8 

Gum 9-0  7-1 

Soluble  albumen  (Casein  ?)  .  24*7  15-1 

Insoluble    do.      ....  — -  3*7 

Wax  and  resin    ....  1*6  3-1 

Loss P'7  3-0 

100  100 

These  analyses  show  that,  besides  the  oil,  these  seeds  contain  consi- 
derable proportions  of  gum  and  suj^ar  and  a  lar^  quantity  of  a  substance 
here  called  soluble  albumen,  of  which  nitrogen  is  a  consatuent  part,  buf , 


Oil  per  oeot 

Sun-flower  seed  . 

.     .    15 

Walnut  kernels    .     . 

.   40  to  70 

Hazel-nut  do. 

.     .    60 

Beech-nut  do. 

.     .   15  to  17 

Plum  stone  dc^.    . 

.     .   33 

Sweet  almond  do. 

.     .   40  to  54 

Bitter    do.        do. 

.     .   28  to  46 
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which  differs  in  its  properties  from  the  gluten  and  albumen  of  the  seeds 
vf  the  corn-bearing  plants,  and  has  much  resemblance  to  the  curd  of 
oiilk.  Besides  their  fattening  properties,  therefore— which  these  seeds 
probably  owe  in  a  great  measure  to  the  oil  tliey  contain — tills  peculiar 
albuminous  matter  ought  to  render  them  very  nourishing  also ; — capable 
of  promoting  the  growth  of  the  growing,  and  of  sustaining  the  strength 
of  the  matured,  animal. 

The  quantity  of  oil  contained  in  difTerent  seeds  of  this  class,  and  even 
in  the  same  species  of  seed  when  raised  in  ditferent  circumstances,  is 
very  variable.  These  facts  will  appear  from  the  following^ table,  which 
represents  the  proportions  of  oil  that  have  been  found  in  100  lbs.  of  some 
of  the  more  common  seeds  :— 

Oil  per  cent 

Line  seed 11  to  22 

Hemp  seed 14  to  25 

Kape  seed 40  to  70 

Poppy  seed      .     .     .     .     36  to  53 
AVhite  mustard  do.     .     .     36  to  38 
Black       do.      do.     .     .     15 
Swedish  turnip  do.    .     .     34 

It  seems  to  be  a  provision  of  nature,  that  the  seeds  of  nearly  all  plants 
should  contain  a  greater  or  less  proportion  of  oil,  which  is  lo<iged  for  the 
tnosc  part  in,  or  immediately  beneath,  the  husk,  and,  among  other  pur-' 
poses,  may  be  intended  to  aid  in  preserving  the  seed.  We  shall  here- 
after see  that  this  oily  constituent  is  of  much  importance  also  to  the  pDrac- 
tical  agriculturist. 

§  26.  General  differences  in  composition  among  the  different  kinds  of 
Degetable  food. 

It  may  be  useful  shortly  to  recapitulate  the  leading  differences  in 
chemical  constitution  which  exist  among  the  different  kinds  of  vegetable 
food  to  which  I  have  directed  your  attention  in  the  present  lecture. 

We  have  seen  that  each  of  the  varieties  of  food  contains  a  greater  or 
less  pro|X)rtion  of  three  diflferent  classes  of  chemical  substances — an 
organic  substance  containing  nitrogen,  an  organic  substance  containing 
no  nitrogen,  and  an  in-organic  substance.  But  it  is  interesting  to  mark 
how  in  each  class  of  those  vegetable  products  which  we  gather  from  the 
earth  for  our  sustenance,  the  organic  substances  vary  either  in  com]X)$ition 
or  in  chemical  characters,  while  tlie  inorganic  matter  alters  also  either  in 
kind  or  quantity.     Thus — 

1°.  In  the  seeds  of  (he  com  plants-^wheaU  oats,  &c.i— the  predomi- 
nating ingredient  is  starchy  in  connection  with  a  considerable  proportioti 
of  gtuten,  and  a  small  quantity  of  saline  matter  consisting  chiefly  of  the 
phosphates  of  potash  and  of  magnesia,  and  in  the  case  of  barley  of  a 
considerable  proportion  of  lime. 

2°.  In  the  seeds  of  leguminous  plants — the  pea,  the  bean,  the  vetch, 
^.—starch  is  still  the  predominating  ingredient,  but  it  is  connected  with 
a  large  quantity  of  legumin,  and  with  a  ^eater  proportion  of  inorganic 
matter— in  which  phosphate  of  lime  also  is  more  abundant. 

3°.  In  the  oil-bearing  seeds^-those  of  hemp,  lint,  ta^'-Hril  is  often  the 
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predominating  ingredient,  and  it  is  connected  with  a  large  proportioD  of  a 
nitrogenous  substance,  resembling  the  curd  of  milk  (casein),  and  with  a 
quantity  of  ash  about  equal  to  that  in  the  pea,  but  in  which  the  phos- 
phate of  lime  is  said  to  be  still  more  abundant. 

4°.  In  the  potatoe — starch  is  the  greatly  predominating  ingredient,  bnt 
it  is  united  with  albumen  nearly  in  the  same  proportion  as  it  is  with 
gluten  in  wheat.  The  inorganic  maaer  is  nearly  in  tiie  same  proportion 
to  the  dry  organic  mafier,  as  in  the  pea  and  the  bean,  but  is  much 
more  rich  in  |X)tash  and  soda.  Still  it  is  more  rich  in  the  earthy  phos- 
phates than  the  ash  left  by  wheat  and  oats,  and  is  inferior  in  this  respect 
only  to  that  of  barley. 

6®.  In  the  turnip — sugar  and  pectin  take  the  place  of  the  starch,  and 
these  are  associated  with  albumen,  and  with  a  pro|X)rtion  of  inorganic 
matter  about  equal  to  tliat  of  the  potatoe,  abounding  like  it  in  potash  ajad 
soda,  but  more  rich  in  the  phosphates  of  lime  and  of  magnesia. 

6°.  In  the  stems  of  the  grasses  and  clovers — woody  fibre  becomes  the 
predominating  ingredient,  associated  apparently  with  albumen,  and  vriih 
a  larger  proportion  of  inorganic  matter  than  in  any  of  tlie  otJier  crops. 
In  the  straws  and  in  some  .of  the  grasses  which  are  cut  for  hav,  silica 
forms  a  large  portion  of  this  inorganic  matter.  In  the  clovers,  liine  and 
magnesia  take  its  place. 

The  natural  ditiereuces  above  describe  not  only  exercise  an  important 
influence  upon  the  mode  of  culture  by  which  the  different  crops  may  be 
most  successfully  and  roost  abundantly  raised,  but  also  upon  the  way 
in  wliich  they  can  be  most  skilfully  and  economically  employed  in  the 
feeding  of  stock.     To  this  latter  point  we  shall  return  hereaAer. 

§  27.  Average  composition  and  produce  of  nutritive  matter  per  acre^  by 
each  of  the  usually  cultivated  crops» 

1°.  Average  composition. — The  relative  proportions  of  the  several  most 
important  constituents  contained  in  our  cultivated  crops  vary,  as  we  have 
seen,  with  a  great  number  of  circumstances.  The  following  table  exhi- 
bits the  average  composition  of  100  parts  of  the  more  common  grains, 
roots,  and  grasses,  as  nearly  as  the  present  state  of  our  knowledge  upon 
the  subject  enables  us  to  represent  it.   (See  table  at  top  of  next  pa^e.) 

In  drawing  up  this  table,  I  have  adopted  the  proportions  of  gluten,  for 
the  most  part,  from  Boussingault.  Some  of  them,  however,  appear  to 
be  very  doubtful.  The  proportions  of  fatty  matter  are  also  very  uncer- 
tain. With  a  few  exceptions,  those  above  given  have  been  taken  from 
Sprengel,  and  they  are,  in  general,  stated  considerably  too  low. 

It  is  an  interesting  fact,  that  the  proportion  of  fatty  matter  in  and  im- 
mediately under  the  husk  of  the  grains  of  com,  is  generally  much  grpater 
than  in  the  substance  of  the  com  itself.  Thus  I  have  found  the  pollanl 
of  wheat  to  yield  more  than  twice  as  much  oil  as  the  fine  flour  obtained 
from  the  same  sample  of  grain  ;*  and  Dumas  states  that  the  husk  of  oats 
sometimes  yields  as  much  as  5  or  6  per  cent,  of  oil.  We  shall  perceive 
the  practical  value  of  this  fact  when  we  come  to  consider  the  use  of  bran 
and  pollard  in  the  fattening  of  pigs  and  other  kinds  of  stock. 

*  Thus  the  foar  portions  separated  by  the  miller  from  a  luperior  sample  of  wheat  fnvm 
In  the  nplghboiirhood  of  Durhiim,  gave  of  oil  respective!/ :— ftnft  flour,  lo  per  oaoL ;  poOaid, 
S^ ;  boslngs,  3-6;  and  bran,  3^  per  cent 


ATx&.iex  coMposiTiozr  or  the  diffkrcnt  crops. 
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Wb«at 
Barley  . 
Oats  .,  . 
Rye  .  . 
Indian  corn 
Buckwheat 
Beans  .  . 
Peas     .    . 

Potatoes  • 
Turnips  . 
Carrots 


Meadow  hay 
Clover  hay 
Pea  straw 
Oat  do.  . 
Wheat  do. 
Barley  do. 
Rye  do.  . 
Indian  com  do. 


Hulk  or 

BUurcli, 

Olulen,  tV 

Watar. 

vfoodj 

gum,  and 

bameiifle- 

flbn. 

migtf. 

guialn,Ac 

16 

15 

55 

10tol5 

15    - 

15 

60 

131 

16 

30 

50 

14  51 

13 

10 

60 

145 

14 

151 

.  60 

13H) 

161 

351 

50 

14-5 

16 

10 

40 

380 

13 

8 

50 

340 

751 

51 

131 

335 

85 

3 

10 

1-3 

85 

3 

10 

30 

14 

30 

40 

71 

14 

35 

40 

93 

10  to  15 

35 

45 

133 

12 

45 

35 

1-3 

12tol5 

50 

30 

13 

do. 

50 

30 

13 

do. 

45 

38 

1-3 

13 

35 

53 

30 

FUty 


3  to  4  J 

35  J 

56  J 

30 

5to9D. 

0-41     - 

3  + 

9*81 

0-3  0-8  to  1 

1  0-8  tol 

0-4  1-0 


3to5D. 
3-0 
1-5 
0-8 
0-5 
0-8 
05 
1-7 


5  to  10 
9 
5 
6 
5 
5 
3 
4 


2°.  Chroes  prodiice  per  acr«.— The  gross  produce,  per  acre,  of  the  dif- 
ferent crops  varies  as  we  have  already  seen  (p.  487^  in  different  districts 
of  the  country.  The  weight  of  each  crop  in  pounds,  however,  will,  in 
general,  approach  to  one  Or  other  of  the  quantities  represented  by  the  num- 
bers in  the  following  table  :— 

Produce                   Welf ht  Total  welcht 

per  acra.                per  buaheL  In  pounds. 

Wheat 25  bush.            60  lbs.  1500 

—        30     "                  1800 

Barley 35    '«                 53  lbs.  1855 

—        40    "                  2120 

Oats 40     «*                 42  lbs.  1680 

—        50     «•                  2100 

Rye 25    "                 64  lbs.  1350 

—        30     ".                 1620 

Indian  com ....     30     '*                 60  lbs.  1800 

Buckwheat ....     30     «'                 46  lbs.  1380 

Beans 25    «'                 64  lbs.  1600 

—        30    **                 1920 

Peas       25    •*                66  Ibe.  1650 


Potatoes  . 
Tnmipa  . 


Weight  of  produce. 

.     6  tons. 

12  tons. 

.  20  tons. 

30  tons. 


Carrots    . 
Meadow  hay 
Clover  hay 


Weight  of  prodoe^ 
.  25  tons. 
.  1^  tons. 
.    3UnM. 


YRODUCS  PZR  ACES. 


Weight  of  prodoce. 

WtH^oipnOoM. 

Wheat  Straw 

.  3000  lbs. 

Rye  straw 

, 

4000  lbs. 

3600   " 

4800  •* 

Barley  straw 

.2100   " 

Bean  straw    . 

, 

2700  "? 

2500   " 

3200  '• 

Oat  straw     . 

.2700   " 
3500   " 

Pea  straw      . 

• 

2700  "? 

3°.  Average  produce  of  nutritive  matter  per  acre. — In  the  grosi  pio- 
duce  above  given,  there  are  contained,  according  to  the  first  table,  the  fol- 
lowing average  proportions  of  nutritive  matter  of  various  kinds  :— 

AVXRAOE  PRODUCE  OF    NUTRITIVE  MATTER  OF  DIFFEREIVT  KINDS  FROM 
AN  ACRE  OF  THE  USUALLT  CULTIVATED  CROPS. 


Gross 

produce. 

Husk,  or 

woody 

fibre. 

Ibfl. 

Starch, 
■usar,Ac. 

ItM. 

Glaten, 
lbs. 

OUorftt. 
lbs. 

Salloa 
maiter. 

bUBlL 

lbs. 

nm. 

Wheat  . 

25 

1,500 

^5 

825 

]50to220 

30  to  60 

30 

30 

1,800 

270 

990 

180  to  260 

36  to  72 

36 

Barley  . 

35 

1,800 

270 

1080 

.   216 

45  + 

36 

40 

2,100 

315 

1260 

252 

52  + 

42 

Oats      . 

40 

1,700 

340 

850 

2301 

95 

60 

,      50 

2,100 

420 

1050 

2901 

118 

75 

Rye.    . 

25 

1,300 

130 

780 

190 

40 

13 

30 

1,600 

160 

960 

230 

48 

16 

Indian  corn 

i      30 

1,800 

270 

900 

216 

90  to  170 

27 

Buck  whea 

t     30 

1,300 

3201 

650 

180 

5  + 

21 

Beans    . 

25 

1,600 

160 

640 

450 

32  + 

48 



.      30 

1,900 

190 

760 

530 

36  + 

57 

Peas      . 

.      25 

1,600 

130 

800 

380 

45 

45 

Potatoes 

lone. 
6 

13,500 

675 

1620 

300 

45 

120 

.       12 

27,000 

1350 

3240 

600 

90 

940 

Turnips 

20 

45,000 

1350 

4500 

5401 

1 

400 

.      30 

67,000 

2010 

6700 

8001 

1 

600 

Carrots 

25 

56,000 

1680 

5600 

11201 

200 

5i,0 

Meadow  li 

ay  U 

3,400 

1020 

1360 

240 

70  to  170 

220 

Clover  hay 

2 

4,500 

1120 

1800 

420 

135  to  225 

400 

Pea  straw 



2,700 

675 

r^oo 

330 

40 

136 

Wheat  stra 

w   — 

3,000 

1500 

900 

40 

16 

150 

— 

b,600 

1800 

1080 

48 

18 

180 

Oat  straw 



2,700 

1210 

950 

36 

20 

1^ 

— . 

3,500 

1570 

1200 

48 

28 

175 

Barley  stra 

w    — 

2,100. 

1050 

630 

28 

16 

105 



2,500 

12.')0 

750 

33 

20 

125 

Rye  straw 

— 

4,000 

1800 

1500 

53 

20 

120 



— 

4,800 

2200 

1800 

64 

24 

144 

The  most  uncertain  column  in  this  table  is  that  which  represents  f^ 
quantity  of  oil  or  fat  contained  in  the  several  kinds  of  produce.  The 
importance  ol  the  whole  table  to  ihe  practical  man  will  appear  vao^ 
clearly  when  we  come  to  treat  of  the  feeding  of  stock. 


LECTURE  XX. 

or  milk  and  its  prodaet8.~ProperttM  and  compodtion  of  the  milk  of  dMbreat  anlmalt.^ 
Circumstances  which  affect  ihe  quality  and  quantiijr  of  mtlk-<-specl«t,  rise,  variety,  age, 
heelti),  and  constitution  of  the  animal,  time  of  milking,  kind  of  food.  Ac— Mode  of  sepa* 
rating  and  estimating  the  several  cooetitoents  of  milk.— 4agar  of  milk,  and  acid  of  milk 
(Lactic  acid),  their  composition  and  properties.— Sourlnc  of  milk,  caoae  of.— Cream— 
eomposltion  and  Tarlable  proportions  of— mode  of  eaiimaling  its  quantltT— Ihe  ^o^/ofn^- 
ter.— ChomiDg  of  milk  an<l  cream.— Composition  of  butter— Btttter-milk.— The  solid  and 
liquid  fats  coninined  in  butter— mor^arm  and  6ti/<«r-oif— their  sepanrtkin and  properties.— 
Rancidity  and  preserrailon  of  buif  er— Com^>08irion  and  properties  of  the  cuni  (cosdn).— 
Curdling  of  milk,  natural  and  artificial— by  adds  and  by  animal  membranes.- Makin(t  and 
action  of  rennci— l)ow  esplaloed.- Manufacture  of  cheese.— Varieties  of  cheese.— Aver- 
age prudure  uf  butter  and  cheese.— ColounniE  of  buiter  and  cheese — ^The  whey Saliue 

matter  in  the  whey.— NAtitfe  of  the  saline  constituents  of  milk.— Fermenutlon  of  milk.— 
Intoxicating  liquor  Irom  milk.— Milk  vinegar.— Purposes  served  by  milk  in  the  economy 
of  nature. 

Of  the  indirect  products  of  agriculture,  milk,  and  the  butter  and 
4heese  manufactureid  from  it,  are  among  the  most  important.  In  our 
large  towns  these  substances  may  almost  be  considered  as  necessaries  of 
life,  and  many  extensive  aejicultural  districts  are  entirely  devoted  to  the 
production  of  them.  The  branch  qf  dairy  husbandry  also  presents  many 
curious  and  interesting  questions  to  the  scientific  enquirer,  and  upon 
these  questions  modem  chemistry  has  ttirown  much  light.  To  the  con- 
sideration of  this  subject,  therefore,  it  is  my  intention  to  devote  the  pre- 
sent lecture. 

§  1.  Of  the  properties  and  composiHan  of  milk. 
1°.  Properties  of  miik.^r'The  milk  of  most  animals  is  a  white  opaque 
liquid,  having  a  slight  but  peculiar  odour — which  becomes  more  distinct 
when  the  milk  is  warmed — ^and  an  agreeable  sweetish  taste.  It  is 
heavier  than  water — usually  in  the  proportion  of  about  103  to  100.* 
When  newly  taken  from  the  animal,  cow*s  milk  is  almost  always 
slightly  alcaline.  It  speedily  loses  this  character,  however,  when  ex- 
posed to  the  air,  and  hence  even  new  milk  often  exhibits  a  slight  degree 
of  acidity.f  When  left  at  rest  for  a  number  of  hours,  it  separates  in:o 
two  portions,  throwing  up  the  lighter  part  to  the  surface  in  the  form  of 
cream.  ^  If  the  whole  milk,  or  the  cream  alone,  be  agitated  in  a  proper 
vessel  (a  churn^,  the  temperature  of  the  liquid  undergoes  a  slight  increa^^e, 
it  becomes  distinctly  sour,  and  the  fatty  matter  separates  in  the  form  of 
butter.  If  a  little  acid,  such  as  vinegar  or  diluted  muriatic  acid,  be  add- 
ed to  milk  warmed  to  about  100°  F.,  it  immediately  coagulates  and  se- 
parates into  a  solid  and  a  liquid  part — ^the  curd  and  the  whey.  The 
same  effect  is  produced  by  the  addition  of  rennet  or  of  sour  milk— and 
it  takes  place  naturally  when  milk  is  left  to  itself  until  it  becomes  sour. 
At  a  very  low  temperature,  or  when  kept  in  a  cool  place,  milk  remains 
sweet  for  a  considerable  time.     At  the  temperature  of  60°  F.  it  soon 

*  Or  it  has  a  specific  gravity  of  1020  in  woman's  milk,  to  1041  In  ■hMp's  milk ;  fmter  being 
1000. 

t  It  is  said  that  If  the  animal  rem«in  long  aomilked,  the  milk  wOl  bcglo  lo  stNir  In  the 
vdder,  and  that  hence  U  is  somodnet  sUghtly  aeKTwhtB  flrsshdivim  ftooi  tbt  sow. 
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hams  or  acquires  a  sour  taste,  and  at  70°  or  80°  it  sours  with  still  greater 
rapidity.  If  sour  milk  be  gently  warmed  it  undergoes  (enneotatioo,  and 
may  be  made  to  yield  an  intoxicating  Li(iuor.  By  longer  exposure  to  the 
air  it  gradually  begins  to  putrify,  becomes  disagreeable  to  the  taste, 
emits  an  unpleasant  odour,  and  ceases  to  be  a  wboleaonie  article  of 
food. 

The  milk  of  each  species  of  animal  is  distinguished  by  some  charac- 
ten  peculiar  to  itself. 

Ewe*i  milk  does  not  differ  in  appearance  from  that  of  the  cow,  but  it 
is  eeuerally  more  dense  and  thicker,  and  gives  a  pale  yellow  butter, 
which  is  soft,  and  soon  becomes  rancid.  The  curd  is  separated  fiom 
this  milk  with  greater  difficulty  than  from  that  of  the  cow. 

OoaCs  niilk  generally  possesses  a  characteristic  unpleasant  odour  aad 
taste,  which  is  said  to  be  less  marked  in  animals  of  a  white  colour  or 
that  are  destitute  of  horns.  The  butter  is  always  white  and  hard,  and 
keeps  long  fresh.  The  milk  is  considered  to  be  very  wholesome,  and  is 
often  recommended  to  invalids. 

Ass^s  milk  has  much  resemblance  to  that  of  the  woman.  It  yields 
little  cream,  and  the  butter  is  white  and  light,  and  sooo  becomes  rancid. 
It  contains  much  sugar,  and  hence  soon  passes  to  the  state  of  fermentar 
tion. 

2°.  Composition  of  milk. — Milk,  like  the  numerous  vegetable  products 
we  have  had  occasion  to  consider,  consists,  besides  water,  of  organic  sub- 
stances destitute  of  nitrogen — sugar  and  buller;  of  an  organic  substance 
containing  nitrogen  in  considerable  quantity— the  curd  or  casm  ;  and 
of  inorganic  or  saline  matter,  panly  soluble  and  partly  inaolubla  in  purs 
water. 

The  proportions  of  these  several  constituents  vary  in  different  animals. 
This  appears  in  the  following  table,  which  exhibits  the  composition  of 
the  milk  of  several  animals  in  its  ordinary  state,  as  fouixi  by  Henry  and 
Chevallier  :^ 

Woman. 

Casein  (cheese)     .     .     1*52 

Butter 3-65 

Milk  sugar       .     .     .     6-50 

Saline  matter  .     .     .     0*45 

Water 87-98 

100         100  100  100  100 

From  the  numbers  in  the  above  table,  it  appears  that  the  milk  of  the 
cow,  the  goat,  and  the  ewe,  contains  much  more  cheesy  matter  than  that 
of  the  woman  or  the  ass.  It  is  probably  this  similarity  of  asses*  milk  to 
that  of  the  human  species,  together  with  its  deficiency  in  butter,  whfcb, 
from  the  most  remote  times,  has  recommended  it  to  invalids,  as  a  light 
and  easily  digested  drink. 

-  §.2.  Of  ffii  circumstances  by  which  the  composition  or  quality  of  {he  milk 

is  modified.  •  - .    •   .      -      ' 

^  But  the  composition  or  quality  of  milk  varies  with  a  great  vane^fj^ 
fl^comslaiices.    Let  me  direct  your  attention  to  a  few  of  diese.  ^*' 
l^»  Distance  from  the  time  of  calving — T^e  most  vemark^le^eptf' 


Cow. 

Am. 

GoaL 

tEwe. 

4-48 

1.82 

4-08 

4-60 

3-13 

0-11 

3-32 

4  20 

4-77 

603 

5-28 

1  6-00 

0-60 

0-34 

0-58 

.0-68 

87-02 

91-66 

86-80 

88-62 

inwhJnuse%  of  tbs  wt^vtm  ow  tbb  ajriiui.  SSi 

tvxe  from  the  ordioary  composition  of  milk  is  obeerred  in  the  heUtiangi^ 
tcloUrwn  at  first  milk,  yielded  by  the  animal  after  the  birth  of  its  young. 
This  milk  is  thicker  and  yellower  than  ordijiary  milkt  coagulates  by 
headng,  apd  contains  an  unusually  large  quantity  of  casein  or  cheesy 
matter.  Thus  the  first  milk  of  the  cow,  the  ass,  and  the  goat,  consisted, 
in  some  specimens  examined  by  Henry  and  Chevallier,  of— 


Cow. 

AM. 

*Qo«t. 

Casein 

15-1 

11-6 

24-5 

Butter 

2-6 

0-6 

5-2 

Milk  sugar 

.. 

4-3 

3-2 

Mucus 

20 

07 

3-0 

Water       . 

80-3 

82*8 

64-1 

100  100  100 

The  increase  in  the  propordon  of  cheese  is  peculiarly  great  in  the  first 
milk  of  the  ass  and  the  goat. 

This  state  of  the  milk,  however,  does  no^  long  continue.  It  gradually 
assumes  itsordinarv'  qualities.  After  ten  or  twelve  days  from  the  time 
Qf  calving,  its  peculiariues  disappear,  though  in  the  celebrated  dairy  dis- 
tricts of  ualy  it  is  considered  that  the  milk  does  not  reach  perfection  untU 
about  eight  months  after  calving.  [Cataneo,  11  latU  t  i  suai  prodolti,  p. 
27.] 
2^.  Age  of  the  animal, — It  is  observed  that  milk  of  tlie  best  quality  is 

f'ven  only  by  cows  which  have  been  already  three  or  four  times  in  calf, 
uch  animals  continue  to  give  excellent  milk  Ull  they  are  ten  or  twelve 
years  of  age,  and  havehaij  seven  or  eight  calves,  when  they  are 
generally  fattened  for  the  butcher. 

3°.  Climate  and  season  of  the  year.^Mioist  and  temperate  climates 
are  favourable  to  the  production  of  milk  in  large  quantity.  In  hot  coun- 
tries, and  in  dry  seasons,  the  quantity  is  less,  but  the  average  quality  is 
richer.  Cool  weather  favours  tlie  production  of  cheese  and  sugar  in  the 
milk,  while  hot  weather  increases  the  yield  of  butter,  [Sprengel,  Che- 
mie  iiir  Landwirthe,  ii.,  p.  620.] 

In  spring  the  milk  is  more  abundant  and  of  finer  flavoiu'.  In  autumn 
and  wmter,  uther  things  being  equal,  it  yields  less  cheese,  but  a  larger 
return  of  butler.*'  Where  cattle  are  fed  upon  pasture  grass  only,  this 
observed  ditference  may  be  derived  from  a  natural  diflerence  m  the 
quality  of  the  herbage  upon  which  the  cow  is  fed. 

4^^.  Health  and  general  state  of  the  antmat— It  ia  obvious  that  the 
quality  of  the  milk  must  be  aH'ected  by  altnost  every  change  in  the  health 
of  the  animal.  It  is  sensibly  less  rich  in  cream  also,  as  soon  as  the  cow 
becomes  pregnant,  and  the  same  is  observed  to  be  the  case  when  it  shows 
a  tendency  to  fatten.  The  poorer  the  apparent  condition  of  the  cow, 
good  foo<l  being  given,  the  richer  in  general  is  the  milk. 

6°.  Tbne  and  frequency  of  milking. — If  the  cow  be  milked  only  once 
a  day,  the  milk  will  yield  a  seventh  part  more  butter  than  an  equal 
quantity  of  that  which  is  obtained  by  two  milkings  in  the  day.  When 
the  mUk  is  drawn  three  times  a  day,  it  is  more  abundant  but  still  less 

*  BritMi  BiMbrnndry,  11.,  p.  404.  Thto  opinion  teems  to  contradict  that  of  Spnvifel  in  tlis 
pfeeecHsg  jMrnirraph.  Does  this  iHflTereacc  arise  from  the  locality  and  other  unllk«»  circum 
•naces  nwbich  the  obserratlona  of  tho  t^ro  wriiera  were  aeraraUj  made— or  are  Ihsre  no 
"  upon  the  anl)]^  fiaDBi  wblfih  «  ««i»ct  nntt  %ia  ^  (ks«B  1 
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rich.  It  is  also  uniYeTBally  remarked,  that  the  morniDg's  milk  is  of  bet* 
ter  quality  than  that  obtained  in  the  evening. 

6*>.  Period  at  tMehit  is  takem^  during  the  milkifig. — ^Thc  milk  in  the 
udder  of  the  cow  is  not  uniform  in  quality.  That  which  is  first  drawn 
oflTis  thin  and  poor,  and  gives  little  cream.  That  which  is  last  drawn— 
the  stroakings,  strippings,  or  afterings — is  rich  in  quality,  and  yields 
much  cream.  Compared  with  the  first  milk,  the  same  measure  of  the 
last  will  give  at  least  eight  and  often  sixteen  times  as  much  cream  (An- 
derson). The  quality  of  the  cream  also,  and  of  the  milk  when  skimmed, 
is  much  better  in  the  later  than  in  the  earlier  drawn  portions  of  the  milk. 

7^.  Treatment  and  moral  state  of  the  animaL — A  state  of  comparadve 
repose  is  favourable  to  the  pierformance  of  all  the  important  functions  in 
a  healthy  animal.  Any  thinj;  which  frets,  disturbs,  torments,  or  renders 
it  uneasy,  affects  these  functions,  and,  among  other  results,  lessens  the 
quantity  or  changes  the  quality  of  the  milk.  Such  is  observed  to  be  the 
case  wnen  the  cow  has  been  newly  deprived  of  her  calf— when  she  is 
taken  from  her  companions  in  the  pasmre  field— when  her  usual  place 
in  ihe  cow-house  is  changed— when  she  is  kept  long  in  the  house  ai)er 
thes]iring  has  arrived-— when  she  is  hunted  in  the  field  or  tormented  by 
insects— or  when  any  other  circumstance  occurs  by  which  irritation  or 
restlessness  is  causedj^  either  of  a  temporaiy  or  of  a  permanent  kind.  I 
do  not  enquire  at  present  into  the  physiological  nature  of  the  changes 
whicli  ensue— to  the  dairy  farmer  it  is  of  importance  chiefly  to  be  familiar 
with  the  facts. 

8°.  The  race  or  breed  and  size  of  the  ofiiwuiZ.— The  quality  of  the  milk 
depends  much  upon  the  race  and  size  of  the  cow.  As  a  general 
rule,  small  races,  or  small  individuals  of  the  larger  races,  give  the  richest 
milk  fiom  the  same  kind  of  food.  Thus  the  small  Highland  cow  sivea 
a  richer  milk  than  the  Ayrshire.  The  small  Aldemeys  give  a  richer 
cream  than  any  other  breed  in  common  use  in  this  country.*  The  small 
Kerry  cow  is  said  to  equal  the  Aldemey  in  this  respect,  while  the  small 
Shetiander  has  been  found  in  the  north  of  Scotland  to  give  frc^m  the  same 
food  a  more  profitable  return  of  rich  milk  than  any  of  the  larger  races. 
All  these  breeds  are  hardy,  and  will  pick  up  a  subsistence  from  pastures 
on  which  other  breeds  would  starve. 

The  old  Yorkshire  stock,  a  cross  between  the  short-horn  and  the 
Holderness,  is  preferred  by  the  London  cow-keepers  as  giving  the  largest 
quantity  of  milk,  though  poor  in  quality. 

The  long-hbms  are  preferred  in  Cheshire  and  Lancashire  because  of 
their  producing  a  greater  quantity  of  cheese.  The  Ayrshire  kyloe,  on 
ordinary  pasture,  is  said  to  be  unrivalled  for  abundant  produce  (Ayton) 
-— ^though  the  milk  is  not  so  rich  as  that  of  the  small  breeds.  Various 
crosses  have  been  tried  in  different  parts  of  the  island — and  in  almost 
every  district  it  has  been  found  that  the  produce  of  some  particular  stock 
is  best  adapted  to  the  climate,  the  soil,  the  natural  grasses,  the  prevailing 
husbandry,  or  to  the  kind  of  dairy  produce  which  it  is  the  interest  of  the 
farmer  to  raise  in  his  own  pectiliar  neighbourhood. 

*  A  very  ttiikinf  iniiBlntlofi  of  the  difference  in  (he  quality  of  the  milk  of  two  Inrvede,  hi 
the  aame  clrciuneiancee,  ia  given  bj  Mr  Malcolm,  in  hla  Oamp^uHum  tf  Modem  Um- 
bamdry.  He  kepi  nn  Aldemey  and  a  SuflSWk  cow,  ihe  laUer  the  beat  he  ever  aaw.  Durtiv 
■even  yean,  the  milk  and  butter  beinf  keot  aeparate,  it  waa  found,  year  after  year,  that  the 
value  of  the  Aldemey  exceeded  that  of  the  tSuffolk,  though  the  latter  nve  Bort  Ami 
doiibl«theqttaiitliyorMllka(saiML.ArftMAie6aa*y,u:,p.3B7. 
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In  the  South  of  Europe,  the  Swiss  breeds  are  cousidered  the  best  (or 
dairy  purposes,  and  of  these  that  of  the  Canton  of  Schweitz,  which,  in 
mze,  is  intermediate  between  the  large  cattle  of  Fribourg  and  Berne,  and 
the  small  breed  of  Hasti.  They  have  enormous  udders  and  give  much 
milk,  but  like  that  of  the  Suflulk  cows  it  is  less  rich  in  butter  and  cheese. 

The  iufluence  of  breed  alone  upon  the  quality  of  the  milk  is  well  il- 
lustrated by  the  resuh  of  a  series  of  triab  made  at  Bradley  Hall,  in 
Derbyshire*  During  the  height  of  the  season,  and  when  fea  upon  the 
same  pasture,  cows  of  four  di&rent  breeds  gave  per  day*^ 

Or  1  lb.  of  butter  wm 
Breed.  Milk,  Butter.  yielded  by 

Holdemess    .    .    29  quarts,  and  38^02.  12  quarts  of  milk. 

'     Aldemey  ...     19        "  26    ♦'  12  " 

Devon       ...     17        •'  28    ••  9J  " 

Ayrshire  ...    20        **  34    "  9}  " 

The  Ayrshire  cows  gave  the  richest  milk  and  a  larger  quantity  of  both 
milk  and  butter  than  the  Alderaeys  or  Devons,  but  the  Holderness  breed 
surpassed  them  all.  It  gave  '|  lb.  more  butter  than  the  Ayrshire,  and 
nearly  one-half  more  milk.  It  would  appear,  therefore,  to  m  admirably 
adapted  to  the  purposes  of  the  town  dairyman,  whose  profit  arises  from 
milk  and  cream  only.  It  does  not  appear  what  is  the  relative  value  of 
this  breed  in  the  production  of  cheese. 

9^.  Tht  kind  offood*^^Bni  the  kind  of  food  has  probably  more  in- 
fluence upon  the  quality  of  the  milk  than  any  other  circumstance.  It  is 
fiuniliar  to  every  dairy  farmer  that  the  taste  and  eolour  of  his  milk  and  * 
eream  are  afiected  by  the  plants  on  which  his  cows  feed,  and  by  the  food 
he  gives  them  in  the  stall.  The  taste  of  the  wild  onion  and  of  the  turnip, 
when  eaten  by  the  cow,  are  often  perceptible  both  in  the  milk  and  in  the 
butter.  If  madder  be  given  to  cows  the  milk  is  red,  if  they  eat  saifron 
it  becomes  yellow.  It  has  also  been  observed  from  the  most  remote 
times,  tliat  when  fed  upon  one  pasture  a  cow  will  yield  more  cheese, 
upon  another  more  butter.  From  this  has  arisen  the  practice  more  or 
kss  observed  in  all  dairy*  districts  of  vaiying  the  food  of  the  cattle— of 
giving  some  artificial  food  in  addition  to  that  obtained  in  the  natural  pas- 
tures—of leaving  the  animal  at  liberty  to  roam  over  wide  pastures  and 
thus  to  seek  out  for  itself,  as  the  sheep  does  on  extensive  sheep-walks, 
those  diflferent  kinds  of  herbage  which  are  necessary  to  the  production 
of  a  rich  and  valuable  milk — or  in  more  inclosed  districts,  and  where 
different  soils  exist  on  the  same  farm,  of  turning  them  during  the  former 
part  of  the  day  into  one  field,  and  during  the  latter  part  into  another. 

Various  sets  of  experiments  have  been  made  with  the  view  of  deter- 
mining the  relative  quantities  of  butter  and  cheese  produced  by  the  same 
animals,  when  fed  u{x>n  different  kinds  of  food.  Much,  however,  re- 
mains yet  to  be  done  both  by  the  practical  dairy  farmer  and  by  the  mh- 
alytical  chemist,  before  this  subject  can  be  fully  cleared  up.  According 
to  theory,  as  I  shall  more  fully  explain  in  my  next  lecture,  the  legumi- 
nous plants — clover,  tares,  &c.,  and  the  cultivated  seeds  of  such  plants^— 
peas  and  beans,  ought  to  promote  the  production  of  cheese  ;  while  oil- 
cake, oats,  and  otlier  kinds  of  food  which  contain  much  oily  matter, 
ought  to  favour  the  yield  of  huUer.  The  most  recent  experiments  we 
possesBv  however,  do  not  lend  any  decided  confirmation  to  these  theoreti- 


538  BXrEBIMXHTS  WITH  DIFrEHEMT  KINDS   OF  FOOD. 

cal  views.  The  most  extensive  series  of  trials  lately  ppblished  b  that 
of  Boussingault,  [AnDales  de  Chim.  et  de  Phys.,  lui.,  p.  79,]  fxom 
which  I  select  the  following : — 

FIRST  SERIES  MADE  ON  A  FRENCH  COW. 

n...  •*«»  Qaartf  Composttlon  or  the  milk  per  eetit 

%IJ2?       Kind  6f  food.  of      . -*-- i- . 

^^"^^  milk.   OkMln.    Butter.    Bugar.      «aks.      Water. 

900  Hay    ....  5  30       45  47  0-1  877 

207  Turnips  ...  b\  30        42  50  0^  87*6 

215  Beet    ....  5  344-0  5*3  02  871 

229  Potaioea  ...  44  34        40  5-9  0-2  86-5 

302  HsyandoU-cake  2i  14       3*6  60  0^  86-6 

SECOND  SERIES  MADE    ON  A  SWISS  COW.    ' 

176    Potatoes  and  hay      8(       3*3       4*8       51        0*3       865 

182    Hay  and  clover        H       40       45       4  0       03       87-3 

193    Clover     ...       8|        4-0       22       47       0-3       88-8 

204    Do.  in  flower    .        6i        37       3  5       52       0-2       87*4 

Id  the  first  series  oi'  ezperimeDte  the  proportion  of  cheesy  matter  and 

of  sugar  was  greatest  when  beets^  potatoes,  and  oil-cake  were  giveiv 

while'  the  largest  proportion  of  butter  was  obtained  from  the  use  of  hay 

and  the  leatt  from  oil' cake. 

In  the  second  series  the  proportion  both  of  cheese  and  of  butter  ^b« 
creased  by  the  use  of  clover,  while  the  quantity  of  milk  was  not  per- 
manently increased. 

These  two  series  of  experiments  may  appear  to  be  deserving  of  \em 
reliance  because  they  were  not  made  on  successive  days,  but  at  varying 
intervals  of  time,  but  some  recent  experimcuts,  made  in  Lancashire 
by  Dr.  Playfair,  are  little  more  satisfactory.  These  were  made  upon  s 
short*horned  coiv,  which  was  fed  one  day  in  the  field  on  after-grass,  and 
during  the  four  succeeding  days  in  the  stall,  upon  weighed  quantities  of 
difierent  kinds  of  food.     [Memoirs  of  the  Chemical  Society,  i.,  p.  174.] 

Compoution  of  the  mhk. 

Day'aFood.  Qls.  * ■ n * 

CaselD.    Butter,    t^ugar.    Salts.    Waier. 

lo    A  A-,.-*.-.  SEvpnlof'smnk..    4         6-4         37         3-8        06  '      86-5 

1  .  Aner-fTMS jMoratag'a    do..    4|       39        5-6        30        rs         W'O 

SO.  SSIba-Hay ^Evening'*    do..    3|       49         61         3-8        tt-f   -     »-7 

2|l}Hi.Oainieal....(Moniui«'8    do..    4         54         39         4-8        a-B.     .86*4 

^^'wiil  HL'J''*'""(Evcnlnr'a  do..  6  S-9  67  4-6  0-6  '  W-a 

8li^BlSfFIour::SM"™"«'-  <*«••  *  2-7  49  60  06  »-9 

BO.  14lh».  Hny >  Evenlnn'a  do..  6i  3-9  4-6  39  06  '    87-1 

3Ulb«.  Potatoea...  SMorDins*8  do..  4f  8*5  4*9  3*8  0  6  87*3 

In  these  experiments  there  appears  an  increase  in  the  proportion  of  but- 
ter and  sugar,  and  in  the  quantity  of  milk  on  the  foiinh  day,  when  tlie 
potatoes,  hay,  and  bean  flour  were  given  together.  On  the  fifth,  when 
potatoes  and  hay  only  were  given,  the  quantity  of  milk  went  on  iucreas- 
mg,  but  it  was  poorer  in  quality.  Could  we  infer  any  thing,  then,  fiom 
a  single  day's  trial,  it  would  be  that  the  bean  meal  had  aided  in  the  pro- 
duction of  butter  and  sugar— instead  of  cheese,  as  theory  would  indicate 
— while  the  steamed  })otatoes  had  added  to  the  quantity  of  the  milk. 
But  DO  sensible  results  can  justly  be  expected  in  regard  to  the  ioflueDce 
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of  this  or  that  fixxl,  except  by  a  much  more  prolonged  secies  of  careful 
observations. 

If  we  compare  the  quantity  of  albumen  and  casein  contained  in  the 
food,  with  that  yielded  in  the  milk  during  the  four  days*  experiments  of 
Pr.  Playfair,  we  shall  find  no  perceptible  relation  between  the  two  quan- 
tities.    Thus,  the  cow  on  the— 

AltNimeo  or  Caiain 

2d  day  eat  2^  lbs.,  and  yielded  0-93  lbs. 

3d       *♦  5     "  *•  I'O     ** 

4th      •*  4     **  **  0-75  *• 

6th      **  1-7 "  **  0*94  " 

So  that,  whether,  as  on  the  third  day  double  the  quantity  was  eaten,  or, 
as  on  the  fifth,  little  more  than  half  as  much  as  was  consumed  on  Hm 
second  day,  the  produce  of  cheesy  matter  in  the  milk  was  sensibly  the 
same,  on  each  of  the  three  days. 

We  must  not,  however,  from  these  experiments,  infer  that  the  kind  of 
food  really  has  no  influence  upoo  the  quality  of  the  milk — for  this  con- 
clusion is  contradicted  by  general  experieuce.  We  must  wait  rather  for 
renewed  and  more  extended  practical  researches,  by  which  both  our 
theory  and  practice  may  probably  be  amended,  and  by  which  the  con- 
clusions may  be  reconciled  to  which  they  respectively  lead  us.  [See  the 
fbllowins:  Lecture  "  On  the  feeding  of  stock.^*] 

10°.  State  of  pregnancy. — I  have  already  stated  (p.  535),  that  the 
richness  in  cream  diminishes  as  soon  as  the  cow  becomes  pregnant.  The 
same  is  no  doubt  true  also  of  the  amount  of  cheese  which  the  same 
volume  of  milk  will  be  capable  of  yielding.  It  must  become  poorer  in 
every  re:*pect,  or  else  considerably  less  in  quantity  (p.  541),  as  soon  as  the 
cow  is  with  calf,  since  a  ]X)rtion  of  the  focxi  which  might  otherwise  have 
been  employed  in  the  production  of  milk,  must  now  be  directed  to  the 
nourishment  of  the  young  animal  in  the  womb  of  the  mother.  In  the 
experiments  to  which  I  have  just  directed  your  attention  in  regard  to  the 
effect  of  the  kind  of  food  upon  the  quality  of  the  milk,  the  state  of  preg- 
nancy of  the  animal  was  not  taken  into  consideration,  though,  as  I  have 
already  said,  this  must  necessarily  exercise  an  important  influence  upon 
the  quality  of  the  milk,  whatever  be  the  kind  of  food  upon  which  the 
animal  may  have  been  fed.*  '  To  this  the  want  of  accordance  between 
theory  and  experiment  is  probably  in  part  to  be  ascribed. 

11°.  Individual  form  and  constitution  of  the  animal, — ^But  it  is  well 
known  that  animals  of  the  same  breed,  fed  on  the  same  food,  will  yield 
milk  not  only  in  different  quantities,  but  also  of  very  different  quality. 
In  regard  to  the  fonn,  Mr.  Youatt  states  that  the  **  Milch  cow  should 
have  a  long  thin  head,  with  a  brisk  but  placid  eye, — should  be  thin  and 
hollow  in  the  neck,  narrow  in  the  breast  and  point  of  the  shoulder,  and 
altogether  light  in  the  fijrequarier — but  wide  in  the  loins,  with  little  dew- 
lap, and  neither  too  full  fleshed  along  the  chine,  nor  shewing  in  any  part 
an  inclination  to  put  on  much  fat.  The  udder  should  especially  be 
large,  mund,  and  full,  with  the  milk  veins  protruding,  yet  thin  skinned, 
bm  not  hanging  loose  or  tending  far  behind.  The  teats  should  also  stand 
square,  all  pointing  out  at  e({ual  distances  and  of  the  same  size,  and  al- 

'  Both  of  the  eows  ezperim(*nted  npon  bj  Boa«ilncaaU  were  with  calf,  Dr.  Fkyfur  dMS 
not  mMUJon  whether  his  was  ao  or  ooL 
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though  neither  very  large  nor  thick  towards  the  udder,  yet  long  and 
tapering  towards  a  point.  A  cow  with  a  large  head,  a  high  backbone,  a 
small  udder  and  teats,  and  drawn  up  in  the  belly,  will,  beyond  all  doubt, 
be  found  a  bad  milker/*  [Youatt*s  Cattle,  p.  244,  quoted  in  British  Hus- 
bandry, ii.,  p.  397.1  Thus,  while  much  depends  upon  the  breed,  the 
form  of  the  individual  also  has  much  influence  upon  its  value  as  a 
milker. 

But  independent  of  form,  the  quality  of  the  milk  is  greatl}''  aflected  by 
the  individual  constitution  of  every  cow  we  feed.  Thus  in  a  report  of 
the  ])roduce  of  butter  yielded  by  each  cow  of  a  drove  of  22,  chiefly  of  the 
Ayrshire  breed— all  of  which  we  may  presume  to  have  been  selected 
for  dairy  purposes  with  equal  regard  to  their  forms — and  which  were 
all  fed  upon  the  same  pastures  in  Lanarkshire,  the  yield  of  milk  and 
butter  by  four  of  the  cows  in  the  same  week  is  given  as  follows  :— 
Milk.  Bolter. 

A  yielded    ...     84  quarts,  which  ga've    .     .     .     .     3|^  lbs. 

F  and  R  each     .    86      "  "        " 64  lbs. 

G  yielded    .     •    .     88      *•  "        " 7    lbs.* 

Showing  that,  though  the  breed,  the  food,  and  the  yield  of  milk  was 
nearly  the  same,  the  cow  G  produced  twice  as  much  butter  as  the  cow 
A — or  its  milk  was  twice  as  rich.  This  result  would  have  been  still 
more  interesting  had  we  known  the  relative  quantities  of  grass  consumed 
by  these  two  cows  respectively. 
"  I  will  not  insist  upon  other  causes  by  which  the  quality  of  the  milk  is 
more  or  less  materially  affected.  It  is  said  that  when  stall  fed  the  same 
cow  will  yield  more  butter  than  when  pastured  in  ilie  field — that  the  age 
of  the  pasture  also  influences  the  yield  of  butter — an  i  that  salt  mingled 
^vith  the  food  improves  both  the  quantity#and  the  quality  of  the  nulk. 
There  are,  probably,  few  circumstances  which  are  capable  in  any  way 
of  adecting  the  comfort  of  the  animal  which  will  not  also  modify  the 
quality  of  the  milk  it  yields. 

^3.  Of  the  cireuimstanees  tchick  affect  the  quantity  of  the  milk. 

The  epithet  good-milker  applied  to  a  cow  has  very  diflerent  signiflca- 
tions  in  diflerent  districts  and  countries.  Thus  "the  experiments  of 
Boussingault  upon  the  e fleet  of  ditlerent  kinds  of  food  on  the  quality  of 
the  milk  (p.  538)  were  made  upon  a  French  cow  which  was  considered 
a  good  milker,  and  yet  when  in  best  condition  never  gave  more  than  11 
quarts  a  day.  Two,  or  even  two  and  a  half,  limes  that  quantity  is  not 
considered  extraordinary  in  the  height  of  the  seaeon  in  many  parts  of  our 
islands 

There  are  three  circumstances  which  principally  aflect  the  quantity  of 
milk— namely,  the  breed,  the  kind  of  food  or  pasture,  and  tlie  distanoo 
from  the  time  of  calving. 

1°.  The  breeds — The  smaller  breeds  of  cattle  yield,  as  is  to  be  ex- 
pected, a  smaller  daily  produce  of  milk — though  from  the  same  weight 
of  food  they  occasionally  give  even  a  greater  volume  of  milk  than  dia 
larger  breeds. 

Good  ordinary  cows  iii  this  country  yield,  on  an  average,  from  8  to  IS 

*  JMm  AMU*  qf  tha  mghiand  Socuty,  N«w  Beriea,  IL,  p.  2E& 
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auarU  a  day.  The  county  surveys  state  the  average  daily  produce  ^f 
oairy  cows  to  be,  in— 

Devonshire    •     .     .    13qt8.  I  Lancashire  .     •     .    8to9qt8. 

Cheshire    ....       8  '*     |  Ayrshire 8  •• 

But  the  best  Ayrshire  kyloes  will  yield  an  average  of  12^  quarts  daily, 
daring  10  months  of  the  year  (Ayton). 
The  yearly  produce  of  the  best  Ayrshire  kyloes  is  stated  by  Mr. 

Ayton  at 4000  qts 

Of  average  Ayrshire  stock 2400  '* 

Good  short-horns,  grazed  in  summer,  and  fed  on  hay  and  tur- 
nips in  winter  (Dickson) 4000  •* 

Mixed  breeds  in  Lancashire  (Dickson)    .....  3500  •• 
Large  dairy  of  mixed  loi^  and  short-horns,  at  Workington 

Hall,  taking  an  average  of  4  years  (Mr.  Curwen)      .         .  3700  •* 
Crossed  breeds  in  many  localities  are  found  more  productive  in  milk 
than  pure  stock  of  any  of  the  native  races  of  cattle. 

2°.  Food  and  pasture.^^ln  the  same  animal  the  quantity  of  milk  is 
known  to  be  greatly  influenced  by  the  kind  of  food.  This  is  best  under- 
stood in  the  neighbourhood  of  large  towns  where  the  profit  of  the  dairy- 
man is  dependent  upon  the  quantity*  rather  than  upon  ih.e  quality  of  his 
milk.  Hence  the  value  of  highly  succulent  foods— of  the  gross  (rf  irri- 
gated meadows-— of  mashed  and  steamed  food^-of  brewers*  grains— ot 
turnips,  potatoes  and  beets— and  of  other  siroifar  vegetable  productions 
which  contain  much  water  intimately  mixed  with  nutritive  matter,  and 
thus  tend  both  to  aid  in  the  production  of  milk  and  to  increase  lis  quan- 
tity. 

3*>.  Distance  from  the  time  of  calving.-^lt  is  a  well-known  fact  that 
oows  in  general  after  the  first  two  months  from  the  time  of  calving, 
though  fed  upon  the  same  food  in  equal  quantity,  begin  gradually  to  give 
less  milk,  till  at  the  end  of  about  10  months  they  become  altogether,  or 
nearly,  dry.  In  the  best  Ayrshire  kyloes,  the  rate  of  this  decrease  is  thus 
represented  by  Mr.  Ayton  : — 

First  fifty  days,  24  qts.  per  day,— or  in  all,  1200  qts. 
Second    do.        20    •'         "  "  1000  ♦* 

Third      do.         14     •*         ••  *•  700  ** 

Fourth    do.  8    "         ••  "  400  •• 

Fifth        do.  8    ••        "  "  400  »• 

Sixth  ^      do.  6     ••         ••  "  300  " 

Some  cows  indeed  do  not  run  dry  throughout  the  whole  year,  but  tliese 
may  be  considered  as  exceptions  to  the  general  rule.  By  feeding  them 
upon  brewer's  grains,  mashes,  and  succulent  grass,  the  milk-sellers  near 
our  large  towns  occasionally  keep  the  same  cow  in  profitable  milking 
condition  for  three  years  and  upwards. f  Such  cows  are  generally  fat- 
tened after  they  have  become  dry — indeed  as  they  cease  to  give  milk^ 
they  generally  lay  on  fat  in  its  stead-— and,  as  soon  as  they  are  consider- 
ed ripe,  are  sold  oflT  to  the  butcher. 

*  It  1«  quoted,  fxvn  hj  forelcn  writen,  m  a  IWr  juke  ifsinat  the  dairy  establlshmentt  of « 
oar  larf(>  iowns,thtit  nmong  ilie  a<lvfliitai{<^  pomeweU  by  one  which  wa«  adveriiaed  for  aate, 
moeh  atraaa  waa  latil  upun  a  fwrtr/aiUng  fiimp.—Set  B  latte  e  i  mnoi  prodotti.  p  67 

t  Bren  on  ehfpboard  I  have  heard  of  a  cow  beiny  kept  in  milk  during  the  whole  of  a  threa 
jeara'  cruiae--the  food  beinir  principally  a  kind  of  peaso  aoup.    After  (ha  OlH  yaar,  bow- 
99V,  the  mOk  la  aaid  to  becoma  tblnnar  and  more  waiacy. 
23* 
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§  4.  Of  die  mode  of  separating  and  estimating  t/ie  several  constitvent» 

of  milk. 

1^.  If  a  weighed  quantity  of  milk  be  allowed  to  staud  for  a  sufficieot 
length  of  time,  the  cream  will  rise  to  the  top,  and  may  be  easily  akini- 
med  otf.  If  this  cream  be  gently  heated  the  butter  in  an  oily  form  w^ 
collect  upon  the  surface,  and  when  cold  may  be  separatcxl  frozn  the 
wa'er  beneath,  and  its  weight  determined. 

2^.  If  ths  skimmad  milk  be  gently  warmed,  and  a  little  vinegar  or 
rennet  then  a1  h^A  to  it,  tlie  curd'  will  separate,  and  may  be  collected  in  a 
cloth,  pressed,  dried,  and  weighed. 

3®.  If  a  second  e(|ual  portion  of  the  milk  be  weighed  and  then  evap- 
orated to  dryness  by  a  gentle  heat  and  again  weighed,  die  loss  will  \m 
the  (luantity  of  water  which  the  milk  contained. 

4^.  If  now  the  dried  milk  be  burned  in  the  air  till  all  the  combustiUe 
matter  disappear!;^,  and  the  residue  be  weighe<l,  the  quantity  of  inorgaiiic 
saline  matter  will  be  determined.  . 

6°.  Supposing  those  processes  to  be  performed  with  tolerable  accaracjp 
'  the  difference  befween  the  sum  of  the  weight  of  the  water,  butter,  coiid, 
and  a>«h,   and  the  weigtit  of  the  milk  employed,  will  nearly  repreaeat 
that  of  the  sugar  contained  in  the  given  quantity  of  "^illk. 

For  many  purposes  a  rude  examination  of  milk  after  this  manner  may 
be  surHcient,  but  where  any  thing  like  an  accurate  analysis  is  required, 
more  refined  methoils  must  be  adopted.  In  such  cases,  the  following 
appears  to  be  the  best  which  has  hitherto  been  recommended.  [Haid- 
len,  Annal.  der  (Shem.  &  Phar.,  xlv.,  p.  263.1 

a.  The  butter. — The  weighad  qinntity  ot  milk  is  mixed  with  one- 
sixth  of  its  weight  of  common  unburut  gypsum  previously  reduced  id  a 
very  fine  p:)W(ler.  The  whole  is  then  evaporated  to  dryness  with  fine- 
quent  stirriniy  at  the  heat  of'btnling  water  (:i\2°  F.)  A  brittle  mass  is 
obtained,  which  is  reduced  to  fine  jxjwder.  By  digesting  this  powder  in 
ether,  the  whole  of  the  butter  is  dissolved  out,  and  by  evaporating  the 
ether,  miy  be  obtaine  I  in  a  pure  state  and  weighed.  Or  the  powder 
itself,  after  being  treated,  with  ether,  may  l^e  dried  and  weighed.  The 
butter  is  then  estimated  by.  the  los3, 

6.  The  susar. — After  tn^  removal  of  the  blotter,  alcohol  is  poured  upon 
the  powder  and  digested  with  it.  This  takes  up  the  sugar  with  a  little 
saline  muter  soluble  in  filcohol.  By  evaiwraiing  this  solution  and 
weighing  the  dry  residue,  the  quantity  of  sugar  is  determined.  Or,  as 
before,  the  |wvvder  itself  may  be  dried  and  weighed  and  the  sugar  esti- 
mated by  the  loss.  If  we  wish  to  estimate  the  small  quantity  of  inor- 
ganic saline  matter  which  has  been  taken  up  along  with  the  sugar,  if 
may  be  done  by  burning  the  latter  in  the  air,  and  wc'gliing  the  residue. 

c.  The  saline  m^itier. — A  seconil  weighed  portion  of  milk  is  now  evap- 
orated carefully  to  dryness  and  again  weighed.  The  loss  is  the  water. 
The  dried  milk  is  then  burned  in  the  air.  Tiie  weight  of  the  iocoaibns- 
tible  ash  indicates  the  proportion  of  inorganic  saline  matter  contained  in 
the  milk. 

d.  The  casein. — The  weight  of  the  butter,  sugar,  saline  matter  and 
water  being  thus  known  and  added  together,  the  deficiency  is  the  weight 
of  the  casein. 
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§  5.  Oftke  sugar  of  milk,  and  of  the  acid  of  milk  or  lactic  arid. 

Before  I  can  hope  to  make  you  understand  the  nature  of  the  changet 
whtch  take  place  during  the  souring,  the  cliurning,  and  the  curdling  of 
milk,  it  will  be  necessary  to  make  you  actiuainted  with  the  sugar  of 
milk,  and  with  lactic  acid  or  tlie  acid  of  milk. 

1°.  Sugar  of  mi/A:.— When  the  curd  is  separated  from  milk,  th^raw 
whey  afterwards  boiled— -with  or  without  the  addition  of  new  and  butter 
milk—- and  the  floadng  churd  skimmed  oflf  or  separated  by  straining 
through  a  cloth,  the  whey  is  obtained  nearly  free  from  butter  and  cheese. 
By  mixing  it  while  hot  with  well  beat  white  of  egg,  the  remainder  of  the 
curd  is  coagulated,  and  jnay  be  removed  by  again  straining  through 
cloth.  If  tlie  clear  whey,  tlms  obtained,  be  boiled  down  in  a  pan  to  one 
fourth  of  its  bulk,  then  poured  into  an  eanhen  dish,  and  set  aside  for  a 
few  days  in  a  cool  place,  minute  hard  white  crystals  gradually  de- 
posit themselves  upon  the  sides  and  bottom  of  the  vessel.  These  crystals 
are  sugar  of  milk.  A  second  portion  may  be  obtained  by  evaporating' 
the  remaining  whey  still  further,  and  again  setting  aside.  If  the  whey 
be  at  once  evaporated  to  drynes-s  a  wliitc  mass  of  impure  sugar  is  pre- 
pared, which  in  many  places  is  used  as  an  article  of  food.  -Of  the  purer 
variety  large  quantities  are  extracted  from  mifls  by  the  Swiss  shepberda* 
and  in  their  country  it  forms  an  important  article  of  commerce. 

The  sugar  of  milk  is  less  sweet  than  that  of  the  gra]>e,  or  of  the  sugar 
cane.  It  is  harder  also,  and  nmch  leas  soluble  in  water,  and  is  gritty 
between  the  teeth.  This  sugar  undergoes  no  change  when  exposed  to 
the  air,  either  in  the  dry  state  or  when  dissolved  in  water.  But  if  a  little 
of  the  curd  of  milfe  (casein)  be  introduced  into  the  solution  it  gradually  be- 
comes sour,lactic  acid  is  formed,  and  the  lifjiiid  begins  to  ferment.  Car- 
bonic acid  is  given  oflT— as  is  the  case  during  the  fermentation  of  other 
liquids — and  alcohol  is  produced.  In  milk  the  two  substances  are  na- 
turally intermixed,  and  it  is  the  presence  of  the  cheesy  matter,  as  we 
flhall  hereafter  see,  which  at  favourable  temperatures  always  causes  milk 
of  every  kind  first  to  become  sour  and  then  to  ferment. 

The  gluten  of  wheat  and  animal  nienibranes  of  various  kinds  produce 
a  similar  elfect  upon  solutions  of  sugar  of  milk.  A  piece  of  bladder,  or 
Ofthe  gut  or  stomach  of  an  animal,  immersed  into  a  soludon  of  the  sugar, 
changes  it  by  degrees  into  lactic  acid,  and  \x\yon  tliis  influence  depends 
the  ertect  of  the  calfs  stomach,  in  the  form  of  rennet,  in  the  curdling  of 
milk.  The  effect  of  such  membranes  is  more  speedy  af>er  they  have' 
been  some  time  taken  fn>rn  the  body  of  the  animid,  a  fact  which  also  ac- 
cords with  the  long  experience  of  the  dairy  districts  in  the  preparation  of 
rennet. 

When  a  little  sulphuric  or  muriatic  acid  is  added  to  a  'solution  of  milk 
sugar,  it  is  slowly  converted  into  grape  sugar.  This  change  is  hastened 
very  much  by  boiling  it  with  the  acid.  It  is  supposed  iliat  previous  to 
the  fermentation  of  milk  the  sugar  it  contains  ttndergoes  a  similar  change 
mto  tlie  sugar  of  grapes. 

Milk  sugar  has  not  hitherto  been  formed  by  art.  It  exists  in  die  milk 
of  all  mammiferous  animals,  and  from  this  source  alone  have  we  hith- 
erto been  able  to  obtain  it. 

2®.  The  acid  of  milk— lactic  ac/i.—When  milk  is  exix>sed  to  the  WT 
for  a  length  of  time  it  acquires  a  sour  taste,  which  gradually  increaMt  m 
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intensity  till  at  length  the  whole  begins  to  ferment.  This  sonr  taste  is 
owin^  to  the  production  of  a  peculiar  acid,  to  which  the  name  of  arid 
of  milk  or  lactic  acid  has  been  given.  The  same  acid  is  formed  during 
the  fermentation  of  the  juices  of  the  beet,  and  of  the  turaip,  in  sour  cab- 
bage (sauer  kraut),  and  sour  malt,  in  brewers*  grains  which  have  become 
sour,  in  the  sour  vegetable  mixtures  with  which  caule  are  often  fed,  in 
the  waste  liquor  of  the  tanners,  in  the  fermented  extract  of  rice,  and  in 
large  quanti^  during  the  fermentation  of  the  gluten  in  the  manufacture 
of  starch  from  wheaten  flour,  or  of  a  mixture  of  oat-meal  or  bean- 
meal  with  water,  which  is  allowed  to  stand  and  become  sour. 

The  acid,  therefore,  differs  from  the  sugar  of  milk  in  so  far  that  it  can 
readily  be  formed,  and  in  any  quantity,  by  artificial  means.  As  it  is 
not  employed  for  any  economical  purposes,  I  shall  not  trouble  you  with 
the  methods  by  which  this  acid  is  obtained  in  a  state  of  purity. 

It  is  rarely  found  in  milk  when  first  drawn  from  the  cow,  but  it  very 
soon  begins  to  be  formed  in  it.  It  is  produced  from  the  sugar,  tfarougn 
the  influence  of  the  cheesy  matter  of  the  milk.  The  pure  acid  may  be 
mixed  with  cold  milk  without  causing  it  to  curdle,  but  if  the  mixture  be 
heated,  the  curd  forms  and  speedily  separates.  It  is  for  the  same  reason 
thnt  milk  may  be  distinctly  sour  to  the  taste,  and  yet  may  not  coagulate. 
But  if  such  milk  be  heatea  it  will  curdle  immediately.  So  cream  when 
8our  may  not  appear  so,  till  it  is  poured  into  hot  tea,  when  it  will  break 
and  leave  its  cheesy  matter  floating  on  the  surface. 

^6.  Of  the  mutual  relations  which  exist  between  lactic  acid  and  ike  eeme^ 
grape,  and  milk  sugars. 

It  is  important,  and  I  think  it  will  prove  interesting  to  you,  to  under- 
stand the  beautifully  simple  relation  which  exists  between  the  sugar  of 
iiiUk  and  this  lactic  acid ^. which  plays  so  important  a  part  in  nearly  all 
your  daily  operations. 

Cane  sugar,  grape  sugar,  milk  sugar,  and  lactic  acid,  as  they  exist  in 
solution  in  water  or  in  milk,  may  all  be  represented  as  compounds  of  ear" 
bon  with  tMz£«r— or  of  carbon  with  hydrogen  and  oxygen  in  the  propor- 
tions in  which  they  exist  in  water.     Thus  they  consist  respectively  of— 

12  Cmrbon  +  12  Watar 
12H  -f  120    or    12C  -f  12H0» 

12  Carbon  +  M  Wat« 
12C  -f    14HO 
24  Carbon  +  24  Wat«r 
240   +    24HO 
6  Carbon  +  6  Water 

6C  +     6HO 

4  Cafbon  +  3  WaC«r 
4C   +      3HO 


Caneiugar    •    .    • 

12C  + 

Orape  sugar      .    . 

12C  + 

Milk  sugar   .    .    . 

24C  + 

Lactic  add   .    •    . 

6C  + 

Acetic  acid  (vinegar) 

4C  + 

140 


60 
30 


or 


14H  + 

24H  +  240    or 
6H  -f 

3H  + 

I  have  added  acetic  acid  to  this  list,  to  show  you  that  the  lactic  acid 
bears  a  similar  relation  to  the  sugars  as  this  acid  does.  You  will  recol- 
lect that  Btarchf  gum,  and  wocxiy  fibre,  have  also  a  similar  relation  to 
the  sugars— -and  that  by  certain  apparently  simple  transformations  these 

C,  H,  wd  O,  M  In  oatfarmm  leetiirM,  repr«««ntln«  respectlTelj  carton,  bjdnetn,  and 
V«^  end  BOtratar— a  eompoond  of  hydrosan  with  oajgan. 
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several  substances  are  capable  of  being  converted  into  grape  sugar.  In 
like  manner  all  these  sugars  by  a  similar  simple  transformation  are 
readily  converted  into  one  or  other  of  the  two  acids  above  named.  Starchy 
gum,  and  woody  fibre  in  favourable  circumstances  are  transformed  into 
sugar,  (see  Lecture  VL,  p.  Ill)— the  sugars,  in  favourable  circum- 
stances, are  further  transformed  into  the  lactic  or  the  acetic  acids. 

We  have  seen  that  animal  membranes  or  the  curd  of  milk  have  the 
property  of  changing  these  sugars  into  lactic  acid.  This  they  do,  though 
excluded  from  the  action  of  the  air,  and  without  the  escape  of  any  gas. 
The  above  formulae  show  with  what  apparent  simplicity  this  may  be 
accomplished. 

In  fact,  cane  sugar,  milk  sugar,  and  lactic  acid,  as  above  reprCvSenfed, 
consist  of  the  sanie  elements  united  together  in  the  same  proportions.  It 
is  easy  to  conceive  therefore  in  what  way  the  one  may  be  transformed 
into  the  other. 

1°.  Two  of  lactic  acid  are  represented  by  12C  +  12H  -f-  120,  which 
is  (he  formula  for  cane  su^ar.  The  transforming  action  of  the  animal 
membrane,  or  of  the  casein  in  its  state  of  incipient  decay,  is  tlierefore 
simply  to  cause  the  elements  of  the  sugar  to  assume  a  new  arrangement 
—in  which  instead  of  cane  sugar  they  form  a  substance  having  t£e  very 
different  properties  of  lactic  acid. 

2°.  Again^  milk  sugar  is  represented  by  24C  -f  24H  +  240,  and  4 
of  lactic  aciirare  also  equal  to  24C  +  24H  +  240 ;  the  change  which 
takes  place  when  milk  becomp^s  sour,  therefore,  is  easily  underst.(»d 
UnJer  the  influence  of-the  casein  the  elements  of  a  portion  of  the  milk 
sugar  are  made  to  assume  a  new  arrangement,  and  the  sour  lactic  acid 
is  the  result.  There  is  no  loss  of  matter,  no  new  elements  are  called  into 
play,  nothing  is  absorbed  from  the  air  or  given  oflT  into  it — but  a  simple 
transposition  of  the  elements  of  the  sugar  takes  place,  and  the  new  acid 
compound  is  produced. 

These  changes  appear  very  simple,  and  yet  how  difficult  it  is  to  con- 
ceive by  what  mysterious  influence  the  mere  contact  of  this  decaying 
membrane  or  of  the  casein  of  the  milk,  can  cause  the  elements  of  the 
sugar  to  break  up  their  old  connexion,  and  to  arrange  themselves  anew 
in  another  prescribed  order,  so  as  to  form  a  compound  endowed  with 
properties  so  very  different  as  those  of  lactic  acid.  It  is  beautiful  to  see 
the  simple  means  by  which  in  nature  so  many  important  ends  are  ac- 
complished— to  observe  how  they  are  all  veiled  to  the  uuinstructed^and 
how  every  slight  accession  to  our  knowledge  opens  up  new  wonders  to 
us  even  in  those  ordinary  operations  with  which  during  our  whole  lives 
we  have  been  mo  it  familiar. 

From  these  intellectual,  in  addition  to  other  rewards,  which  constantly 
follow  the  study  of  nature,  you  will  with  me  draw  the  conclusion— 
which  is  ever  pressing  itself  upon  our  attention — that  it  is  the  will  and 
intention  of  the  Deity,  that  all  his  works  shall  be  thoroughly  studied  and 
investigated.  But  you  will,  I  think,  agree  with  me  in  drawing  this  con- 
clusion, because  of  the  further  and  higher  moral  effect  also  which  such 
investigations  tend  to  produce  upon  me  mind.  Every  fresh  disfoverv, 
as  it  opens  up  new  flelds  of  knowledge,  forces  upon  us  more  distinctly  the 
sense  of  our  own  ignorance.  In  the  case  before  us  we  are  delighted  by 
the  apparent  simplicity  which  the  several  trazuformationa  of  starch  iotc 
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mgar,  and  of  the  latter  into  lactic  acid,  may  be  brought  aboott  and  i 
almoist  to  understand  how  it  is  done,  since  it  can  be  effected  by  a  simple 
transposition  of  their  elements.  But  the  after-thought  occursr-— by  what 
kind  of  power  is  this  change  effected  ?  The  materials  are  certainly  pre- 
sent, but  how  are  they  made  t<^  shift  their  relative  positions,  and  move 
into  their  new  places  f  We  have  conquered  one  intellectual  difficalty 
only  to  encounter  another  apiNurently  still  harder  to  overcome. 

It  was  said  first,  I  believe  by  Priestley,  [Experiments  and  Obser- 
vations, ii.,  p.  ix.,  edition  1781,]  '*  that  the  greater  the  circle  of  light, 
the  greater  is  the  boundary  of  darkness  by  w^hich  il  is  confined.'*  Thus 
they  who  know  the  most  are  the  most  strongly  impressed  with  the  sense 
of  their  own  want  of  knowledge.  What  a  fine  result  this  is  of  large 
acquirements !  And  how  touchingly  it  was  expressed  by  Sir  Isaac  New- 
ton, when  he  likened  his  great  discoveries  to  the  gathering  of  a  few  peb- 
bles along  the  sea-shore— ^e  vast  ocean  of  natural  knowledge  lying  «tiU 
imexplored  before  him ! 

^7.  Of  the  touring  and  preserving  of  milk. 

The  natural  souring  of  milk  requires  now  little  explanation.  It  arises 
from  the  gradual  conversion  of  the  sugar  into  the  acid  of  milk  by  the 
action  of  the  casein.  There  are,  however,  one  or  two  circumstances  con- 
nected with  it  to  which  it  may  be  proper  to  advert. 

1°.  If  milk  be  kept  at  a  low  temperature,  it  may  be  preserved  for  se- 
veral days  without  becoming  sensibly  sour.  This  is  effected  in  Switzer- 
land by  immersing  the  milk  vessels  in  a  shallow  trough  of  cool  water, 
which,  by  means  of  a  running  stream,  can  at  any  time  be  renewed.  In 
sach  circumstances  the  action  of  the  cheesy  matter  in  converting  the 
sugar  into  lactic  acid  is  very  slow. 

2®.  But  if  the  milk  be  kept  at  the  temperature  of  65°  or  70°  F.  it  be- 
comes sour  with  great  rapidity,  and  if  afterwards  raised  to  the  boiling 
point  cunlles  immediately.  An  easy  way  of  preserving  milk  or  cream 
sweet  for  a  Ioniser  time,  or  of  removing  the  sourness  when  it  has  already 
come  on,  is  to  aild  to  it  a  small  quantity  of  the  common  soda,  pearl  ash, 
or  mai^rwsia  of  the  shops.  Enough  is  added,  when  a  little  of  the  milk 
poured  into  boiling  water  no  longer  throws  up  any  curd.  As  the  small 
quantity  of  soda  or  magnesia  thus  added  is  not  unwholesome,  cream 
may  in  this  way  be  kept  sweet  for  a  considerable  time,  or  may  have  its 
sweetness  restored  when  it  has  already  become  sour. 

3°.  I  have  already  observed  to  you  that  animal  membrane,  the  curd  of 
milk,  or  any  of  those  substanibes  which  possess  the  power  of  changing  sugar 
into  lactic  acid,  loose  that  power  if  the  8r»lution  in  which  they  are  pre^^ent 
be  raised  to  the  boiling  temperature.  Hence  if  milk  l|^  introduced  into 
bottles,  be  then  well  c(jrked,  put  into  a  pan  with  cold  water,  and  gradually 
raised  to  the  boiling  point,  and  afler  being  allowed  to  cool  be  taken  out 
and  set  away  in  a  cool  place,  the  milk  may  be  preserved  perfectly 
8wc(»t  for  upwards  of  half  a-year. 

I  mentioned  also  that  if  the  solution  containing  the  sugar  and  cheesy 
matter  be  again  exposed  to  the  air  after  boiling,  it  will  gradually  resume 
the  property  of  transforming  the  sugar  into  lactic  acid.  Hence,  if  milk 
be  boiled,  il  is  preserved  sweet  for  a  longer  period  of  time,  hut  the 
casein  gradually  resumes  its  transibrming  property,  and  at  the  end  of  a 
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few  days  turns  it  sour.  If,  however,  the  milk  be  boiled  every  morning 
or  every  second  morning,  the  souring  property  of  the  casein  is  at  every 
boiling  destroyed  again,  and  the  milk  may  thus  be  kept  fresh  for  two 
months  or  more. 

4°.  Another  mode  of  preserving  milk  is  to  evaporate  it  to  dryness  by 
a  gentle  heat,  and  under  constant  stirring.  By  this  means  a  dry  mass  is 
obtained  which  may  be  preserved  for  a  length  of  time,  and  which  when 
dissolved  in  water  is  said  to  possess  all  t}ie  properties  of  the  most  excel- 
lent milk.  It  is  known  in  Italy  by  the  name  of  latleina.  [11  latte  e  i 
8Uoi  prodotti,  p.  19.]  ' 

^S.  Of  the  separation  and  measurement  of  cream,  the  galactom^ler^  the 
composition  of  cream,  and  the  preparation  of  cream- cheese. 

1°.  Separation  of  cream.'— The  fatty  part  of  the  milk  which  exists  in 
the  cream,  and  which  forms  the  butter,  is  merely  mixed  with  and  held  in 
suspension  by  the  water  of  which  the  milk  chiefly  consists.  In  the 
udder  of  the  cow  it  is  in  some  measure  separated  from,  and  floats  on,  ihe 
surface  of  the  milk,  the  later  drawn  portions  being  always  the  richest  in 
cream.  During  the  milking,  the  rich  and  poor  portious  are  usually 
mixed  intimately  together  again,  and  thus  the  after-separation  is  render- 
ed slower,  more  ditlicult,  and  less  complete.  That  this  is  really  so,  is 
proved  by  two  facts — first,  that  if  milk  be  well  shaken  or  stirred,  so 
as  to  mix  its  parts  intimately  togetlier  before  it  is  set  aside,  the  cream 
will  be  considerably  longer  m  rising  to  the  surface — and  second,  that 
more  cream  is  obtained  by  keeping  the  milk  in  separate  jwrtions  as  it  is 
drawn,  and  setting  these  aside  to  throw  up  their  cream  in  separate  ves- 
sels, tlian  when  the  whole  milking  is  mixed  together.  When  the  collec- 
tion of  cream,  therefore,  is  the  principal  object,  economy  suggests  that 
the  first,  second,  thinl,  and  last  drawn  portions  of  the  milk  should  be 
kept  ^part  from  each  other.  Even  in  large  dairies  this  could  easily  be 
effected  by  having  three  or  four  pails,  in  one  of  which  the  first,  in 
another  the  second  milk,  and  so  on,  might  be  collected. 

Cream  does  not  readily  rise  through  any  considerable  depth  of  milk  ; 
it  is  usual,  therefore,  to  set  it  aside  in  broad  shallow  vessels  in  which  the 
mUk  stands  at  a  depth  of  not  more  than  two  or  three  inches.  By  this 
means  the  cream  can  be  more  effectually  separated  within  a  given  time. 

But  the  temperalur*  of  the  surrounding  air  materially  affects  the 
quantity  of  cream  which  milk  will  yield,  or  the  rapidity  with  which  it 
rises  to  the  surface  and  call  be  s^patated.  Thus  it  is  said  that  from  the 
same  milk  an  equal  tjudntity  6f  Credm ' may  be  extracted  in  a  much 
shorter  time  during  warm  than  during  cold  weather — iliat,  for  example, 
milk  may  be  perfectly  creamed  in— •- 

36  hours,  w-hen  the  temperature  of  the  air  is  50°  F. 
24       •♦  •♦  •*  *•  55°  F. 

18  to  20  hours  *♦  *'  "  68°  F. 

10  to  12  "  **  "  77°  F. 

—while,  at  a  temperature  of  34**  to  37**  F.,  milk  may  be  kej)t  for  three 
weeks,  witiiout  ihrowinf?  up  any  notable  quantity  of  cream  {SprengeU. 

The  reason  of  this  is  that  the  fatty  matter  of  the  milk  becomes  partially 
BcSidHied  in  cold  weather,  and  is  thus  unable  to  rise  to  the  surface  of  the 
wtik  sp  readily  a»  k  does  wben  in  a  waim  and  perfectly  fluid  state. 
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The  above  remarks  appl^  to  milk  of  oidioaij  quality  and  coo^ateocY- 
Id  very  thin  or  poor  milk,  m  which  little  cheesy  matter  is  coacained,  the 
cream  will  rise  more  quickly. 

2^.  Measurement  of  crean^^-ihe  galactonuiUr. — The  richness  of  milk 
is  very  generally  estimated  by  the  bulk  of  cream  which  rises*  to  its 
surface  in  a  given  time.  For  the  purpose  of  testing  this  richnciss,  a 
simple  instrument,  dignified  by  the  learoed  name  of  a  ffaUietomeler 
(milk-gauge),  has  been  recommended  and  may  often  be  useful.  It  con- 
sists of  a  narrow  cylindrical  vessel  or  long  tube  of  glass,  divided  or  gra- 
duated into  100  equal  parts.  This  vessel  is  filled  up  to  100  with  the 
milk  to  be  tested,  and  at  the  end  of  34  or  36  hours,  the  quantity  of  cream 
which  has  risen  is  estimated  by  the  number  of  degrees  of  space  which  it 
occupies  at  the  top  of  the  milk.  If  it  cover  3  degrees  the  milk  yields 
3  per  cent.,  if  7  degrees  7  per  cent,  of  cream.  This  in.strument,  how- 
ever, will  give  a  result  which  will  be  generally  less  than  the  truth,  be- 
cause the  cream  will  always  rise  slowly  through  5  or  6  inches  of  milk<— 
the  smallest  length  which  the  instrument  can  conveniently  be — and  most 
slowly  in  the  richest  and  thickest  milk.  Unless  considerable  care  be 
taken,  therefore,  this  milk-gauge  may  easily  lead  to  erroneous  con- 
clusions in  regard  to  the  relative  degrees  of  richness  of  didercut  samples 
of  milk. 

3°.  Composition  of  cream. — Cream  does  not  consist  wholly  of  fatly 
matter  (butter),  but  (he  globules  of  fat  as  they  rise  brin^  up  with  them  a 
variable  proportion  of  the  casein  or  curd  of  the  milk,  and  also  some  of  the 
milk  sugar.  It  Is  owing  to  the  presence  of  sugar  that  cream  is  capable 
of  bf^orning'soiir,  while  the  casein  gives  it  the  property  of  curdling  when 
mixed  with  acid  liquids  or  with  acid  fruits. 

The  proportion  of  cheesy  matter  present  in  cream  depends  upon  the 
richness  of  the  milk  and  u[X)n  the  temperature  at.  which  the  niilh  is  kept 
during  the  rivsing  of  the  cream.  In  cool  weather  the  fatty  matter  will 
bring  up  with  it  a  larger  quantity  of  the  curd,  ami  form  a  thicker  cream, 
containing  a  greater  proportion  of  cheesy  matter.  The  composition  of 
cream,  therefore,  is  very  variable — much  more  so  than  that  o^  milk— 
and  depends  very  much  up  )n  the  mode  in  which  it  is  collected. 

A  specimen  of  cream,  examined  by  Berzelius,  which  had  a  density 
(specific  gravity)  of  1-0244,  consisted  of— 

Batter,  separated  by  agitation 4*5  per  cent. 

Ckeestf  matter^  separated  by  coagulating  the  butter- 
milk   3-5         *• 

Whey 92-0 

100 
Some  of  tlie  butter  remained,  as  is  usually  the  case,  in  the  butter- 
milk, and  added  a  little  to  the  weight  of  the  curd  which  was  afierwanls 
separated,  but  the  result  of  this  analysis  is  sufiicient  to  show  that  cream 
in  general  contains  a  very  considerable  proportion  of  cheesy  matter— 
sometimes  almost  as  much  cheese  as  butter.* 

*  Th<*  cloiirerl  erenm  of  DevonBhire  and  other  Western  counties,  ae  well  m  the  batter  pre* 
paretl  fmin  it,  probAbly  conbuna  vi  unumMily  Itirge  uuantjiy  of  cheeee  lils  pr**pared  bjr 
BirAiiiini{  t)i<*  w«nn  niiUc  into  \^^r^n  tihMoyr  p&iis  inUi  which  a  littl**  WHter  hu  previouslj  beea 
pot,  allowing  thoM  to  stantl  from  6  to  12  hours,  and  then  carefuUj  heating  them  over  a  alosr 
flre»oroiiabotpiate,tMIUiemUksppiMMtet  ttM  beUingpoim.    Ths  aUk,  bo««vw,.nMl 
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I  would  remark,  however,  that  this  cream  examined  hy  Berzelius 
must  have  heen  of  an  exceedingly  poor  quality^ittle  ricner,  indeed, 
than  common  milk,  since  100  lbs.  of  it  would  only  have  yielded  4-^  lbs. 
of  butter.  Cream  of  good  quality  in  this  country,  when  skilfully 
churned,  will  yield  about  one-fourth  of  its  weight  of  butter,  or  one  wine 
^.gallon  of  cream,  weighing  8|  lbs.,  will  give  nearly  2  lbs  of  butter.* 

4°.  Cream-cheese. — You  will  now  readily  understand  the  nature  of 
what  is  called  cream-cheese — how  it  ditfers  from  ordinary  cheese  and 
from  butter,  and  why  it  so  soon  becomes  first  sour,  and  then  rancid. 

In  preparing  this  cheese  the  cream  in  this  country  is  generally,  I  be* 
lieve,  either  tied  up  in  a  cloth  or  put  into  a  shallow  cheese  vat,  and  al- 
lowed to  curdle  and  drain  withput  any  addition.  The  cheesy  matter  and 
butter  remain  thus  intimately  intermixed,  and  it  is  more  or  less  rich,  ac- 
cording as  the  proportion  of  butter  to  the  cheesy  matter  in  the  cream  is 
greater  or  less.  This  cheese  becomes  soon  rancid  and  unpleasant  to  the 
taste,  because  the  moist  curd,  after  a  certain  length  of  exposure  to  the 
air,  not  only  decomposes  and  becomes  unpleasant  of  itself,  but  acquires 
the  property  of  changing  the  butter  also  and  of  imparting  to  it  a  dis- 
agreeable taste  and  smell. 

In  Italy,  cream-cheeses,  called  nuucarponi,  are  made  by  heating  the 
cream  nearly  to  boiling,  and  adding  a  little  sour  whey  as  the  oily  matter 
begins  to  separate.  The  whole  then  coagulates,  and  the  curd  is  taken 
out  and  set  to  drain  in  shapes.  As  tlie  sour  whey  is  apt  to  give  this 
cheese  an  unpleasant  flavour  or  a  yellow  colour,  it  is  said  to  be  better  to 
take  20  grains  of  Tartaric  acid  for  each  quart  of  cream,  to  dissolve  it  in 
a  little  water,  and  to  add  this,  instead  of  the  sour  whey,  to  the  hot  cream. 
The  acid  runs  voflT  in  the  whey  of  the  cream,  and  the  cheese  is  colour- 
less and  free  from  foreign  flavour.  The  mascarpofih  like  the  English 
cream -cheeses,  are  covered  with  leaves  or  straw,  are  Httled  pressed  or 
handled,  and  must  be  eaten  fresh. 

^9.  Of  the  separation  of  hulier  hy  churning  or  othervnse. 

Milk  is  a  kind  of  natural  emulsion  in  which  the  fatty  matter  exists  in 
the  slate  of  very  minute  globules,  suspended  in  a  solution  of  casein  and 
sugar.  Cream  is  a  similar  emulsion,  ditTering  from  milk  chiefly  in  con- 
taining a  greater  number  of  oily  globules  and  a  much  smaller  proportion 
of  water.  In  milk  and  cream' these  globules  appear  to  be  surrounded 
with  a  thin  white  shell  or  covering,  probably  of  casein,  by  which  they 
are  prevented  from  running  into  one  another,  and  collecting  into  larger 
oily  drops. 

But  when  cream  is  heated  for  a  length  of  time,  these  globules,  by  their 
lightness,  rise  to  the  surface,  press  nearer  to  each  other,  break  through 

not  aciiMlly  boll,  nor  mmt  the  akin  of  the  cream  be  broken.  The  di«he»  are  now  removed 
into  the  (lairv,  and  allowed  to  cool.  |n  aammer  the  oream  ahouM  be  ctiumed  on  th«  fol* 
lowing  day— ui  winter  it  may  stand  over  two  diiya.  The  quantitt  of  cream  obtained  '\»  said 
to  be  une-founh  irreater  by  this  m«hod,  and  tlie  milk  which  is  left  Is  pmiiortionably  poor. 
Whon  milk  on  which  no  cream  floats  is  heated  nearly  to  boilloK  in  the  air,  a  pellicle  of 
cheesy  matter  forms  on  its  surface.  Biich  a  pellicle  may  form  In  a  leas  dcirree  In  the  scald- 
dlfitf  process  of  Devonshire,  and  may  thus  increase  the  bulk  of  ihe  ereaih.  The  Cvntor^ 
pMne  cream  of  Mid-Lothian  resembles  the  clouted  cream  very  much,  and  is  made  in  a  very 
similar  way. 

*  A  series  of  aaalysat  of  cream,  eoltoeted  onder  diflbrent  oireuoMCuieM,  miCbt  Ibiow  some 

wAil  Bibt  upon  the  maanikcture  tad  prtserTation  of  luittsr. 
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dieir  coverings,  and  unite  into  a  film  of  melted  fat.  In  like  manner, 
when  milk  and  cream  are  strongly  agitated  by  any  mechanical  nieana, 
the  temperature  is  found  lo  rise,  the  coverings  of  the  globules  are'broken 
or  separated,  and  the  fatty  matter  unites  into  small  grains,  and  finally 
into  lumps,  which  form  our  ordinary  butter.  This  union  of  the  globules 
appears  to  be  greatly  promoted  by  the  presence  of  a  small  quantity  of 
acid— ^nce  in  tlie  practice  of  churning  it  never  takes  place  until  th« 
milk  or  cream  has  become  somewhat  sour. 

These  two  facts  afford  an  explanation  of  the  various  methods  which 
are  in  different  places  adopted  for  the  preparation  of  butter. 

1°.  By  heating  the  cream.-^When  rich  cream  is  heated  nearly  to  boil- 
ing, and  is  kept  for  some  time  at  that  temperature,  the  butter  gradually 
rises  and  collects  on  the  surface  in  the  form  of  a  fluid  oil.  On  cooling,  this 
oil  becomes  solid,  and  may  be  readily  removed  from  the  water  and  curd 
beneath.  The  fatty  matter  of  the  milk  is  thus  obtained  in  a  purer  Corai 
than  when  butter  is  prepared  in  the  ustial  way.  It  may,  therefore,  be 
kept  for  a  longer  period  without  salt  and  without  becoming  rancid,  but  it 
has  neither  the  agreeable  flavour  nor  the  consistence  of  churned  butter, 
and  is,  therefore,  scarcely  known  in  our  climate  as  an  article  of  food-* 

The  same  oily  kind  of  butter  may  also  be  obtained  by  melting  the 
churned  butter  and  pouring  off  the  transparent  liquid  part  which  floats 
upon  the  top.  This  is  the  only  form  in  which  sweet  butter  is  known  in 
many  parts  of  Russia.  In  warm  weather  it  has  the  consistence  of  a 
chick  oil,  is  used  instead  of  oil  for  many  culinary  purposes,  and  is  de- 
noted, indeed,  by  the  same  Russian  word.  It  may  be  kept  for  a  consi- 
derable lime  w^ithout  salt. 

2°.  By  churning  the  creani'-^a.  Sour  cream, — Cream  for  the  purpoif^ 
of  churning  is  usually  allowed  to  become  sour.  It  ought  to  be  at  least 
one  day  old,  but  may  with  advantage  be  kept  several  days  in  cool 
weather — if  it  be  previously  well  freed  from  milk  and  be  frequently 
stirred  to  keep  it  from  curdling. 

This  sour  cream  is  put  into  the  chum  and  worked  in  the  usual  way 
till  tlie  butter  separates.  This  is  collected  into  lumps,  well  beat  and 
squeezed  free  from  the  milk,  and  in  some  dairies  is  washed  with  pure 
cold  water  as  long  as  the  water  is  rendered  milky.  In  other  localities 
the  butter  is  not  washed,  but,  after  being  well  beat,  is  carefully  freed 
from  the  remaining  milk  by  repeated  squeezings  and  dryings  with  a  clean 
cloth.  Both  methods,  no  doubt,  have  their  advantages.  In  the  same 
circumstances  the  washed  butter  may  be  more  easily  preser^'ed  in  the 
fresh  state,  while  the  unwashed  butter  will  probably  possess  a  liigher 
flavour. 

6.  Sweet  cream, — If  sweet  cream  be  put  into  the  churn  the  butter  may 
be  obtained,  but  in  most  cases  it  requires  more  lalx)ur  and  longer  time, 
without,  in  the  opinion  of  good  judges,  affording  in  general  a  finer 
quality  of  butter.  In  all  cases  the  cream  becomes  sour  during  the  agi- 
tation and  before  the  butter  begins  distinctly  to  form  (see  p.  654.) 

c.  Clouted  cream, — The  churning  of  the  clouted  cream  of  this  and 
other  countries  forms  an  exception  to  the  general  rule  just  stated,  that 
more  time  is  required  in  the  churning  of  sweet  creams.     Clouted  cream 

*  b  U  ntd,  that  when  melted  biitter  Is  poured  into  veir  qold  water.  It  acquires  tb« 
Cenc/  and  appeaxaoc*  of  commoo  bolter. 
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may  be  churned  in  the  morning  afler  it  is  niade,  that  is,  within  24  hours 
of  the  time  when  tlie  milk  wa^  taken  from  the  cow-^and  from  such 
cream  it  is  weU  known  tliat  the  butler  separates  with  very  great  ease.  But 
in  this  case  the  heating  of  the  cream  has  already  disposed  the  oily  matter 
to  cohere,  an  incipient  running  together  of  the  globules  has  probably  taken 
place  before  the  cream  is  removed  from  the  milk,  and  hence  the  conor 
parative  ease  with  which  the  churning  is  effected.  I  suppose  there  is  / 
something  peculiar  in  butter  prepared  in  tliis  way,  as  it  is  known  in 
other  counties  by  the  name  of  Bohemian  butter.  It  is  said  to  be  very 
agreeable  in  flavour,  but  it  must  contain  more  cheesy  matter  than  the 
butter  from  ordinary  cream. 

3^.  Ckuraing  the  whole  milk. — Butter  m  very  many  districts  is  pro- 
pared  from  the  whole  milk.  This  is  a  much  more  laborious  method— 
from  the  ditficulty  of  keeping  in  motion  such  large  quantities  of  fluid. 
It  has  the  advantage,  however,  it  is  said,  of  giving  a  larger  quantity  of 
butler ;  and  in  the  neighbourhood  of  the  towns  in  Scotland  and  Ireland 
the  ready  sale  obtained  for  th^  butter-milk  is  another  inducement  for  the 
continuance  of  the  practice. 

At  Rennes,  in  Brittany,  the  milk  of  the  previous  evening  is  poured 
into  the  churn  along  with  the  warm  morning's  milk,  and  the  mixture  is 
allowed  to  stand  for  some  hours,  when  the  whole  is  churned.  In  this 
way  it  is  said  that  a  larger  ({uantity  of  butter  is  obtained,  and  of  a  more 
delicate  flavour.    [II  latte  e  i  suoi  prodotti^  p.  11:3.] 

In  the  neighbourhood  of  Glasgow,  according  to  Mr.  Ayton,*  the  milk 
15  allowed  to  stand  6,  12,  or  24  hours  in  the  dairy  till  the  whole  has 
cooled,  and  the  cream  has  risen  to  the  surface.  Two  or  three  milkings, 
fetill  sweet,  are  then  poured,  together  with  their  cream,  intoa  large  ves- 
sel, and  are  left  undisturbed  till  the  whole  has  become  distinctly  sour, 
and  is  completely  coagulated.  The  proper  sourness  is  indicated  by  the 
formation  of  a  still' 6ra/  upon  the  surface  which  has  become  uneven  (Bal- 
lantyne).  Great  care  must  be  taken,  however,  to  keep  the  brat  and 
curd  unbroken  until  the  milk  is  about  to  be  churned,  for  if  any  of  the 
whey  be  separa,ted  the  air  gains  admission  to  it  and  to  the  curd«  and 
fermentation  is  induced.  By  this  fermentation  the  qualhy  of  the  buttei 
may  or  may  not  be  aflected,  but  that  of  the  butter-milk  is  almost  sure  to 
be  injured. 

In  Holland  the  practice  is  a  little  different.'    The  cream  is  not  allow 
ed  to  n<e  to  the  surface  at  all,  but  the  milk  is  stirred  two  or  three  times  a 
day,  till  it  gets  sour,  and  so  thick  that  a  wooden  spoon  will  stand  in  it# 
It  IS  then  put  into  the  chum,  and  the  working  or  the  separatioo  of  the 
butter  is  assisted  by  the  addition  of  a  quantity  of  cold  water. 

By  churning  the  sour  milk  in  one  or  other  of  tlicse  ways,  the  butter 
18  said  to  be  **  rich,  sound,  and  well-flavoured.**  If  it  be  greater  io 
quantity — which  appears  to  be  the  opinion  of  those  who  practise  it  in 
this  country,  in  Germany,  and  in  Holland— it  is,  according  to  Sprengel, 
becausp,  the  fatty  matter  carries  with  it  from  the  milk  a  larger  quantity  of 
casein  than  it  does  in  most  cases  from  the  cream  alone  (  ?). 

§  10.  0/  the  composition  of  butter. 
Batter  prepared  by  any  of  the  usual  methods  contains  more  or  less  of 

•  IaMaJDia^llk0ftaRdr|^sworkmiieSkpnJMd,Mulw)iichXrtgr«(dMiIha^ 
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all  the  ingredients  which  exist  in  milk.  It  consistSy  however,  essentially 
of  the  fat  of  milk  intimately  mixed  with  a  more  or  less  considerable 
proportion  of  casein  and  water,  and  with  a  small  quantity  of  sugar  of 
milk.  Fresh  butter  is  said  to  contain  about  one-sixth  of  its  weight  (16 
per  cent.)  of  these  latter  substances,  and  five-sixths  of  pure  fat  (Cfaev- 
reul).  How  much  of  the  16  per  cent,  usually  consists  of  cheesy  matter 
has  not  yet  been  determined.* 

It  is  probable,  however,  that  the  proportion  of  cheesy  matter  contained 
in  butter  varies  very  much.  The  thickness  and  richness  of  the  milk— > 
the  mode  of  preparing  the  butler,  whether  from  the  whole  milk  or  from 
the  cream— the  way  in  which  the  cream  is  separated  from  the  milk, 
whether  by  clouting  or  otherwise—and  the  nature  of  the  food  and  pas- 
ture, must  all  aflfect  in  a  very  considerable  degree  the  relative  pro- 
portions of  the  fatty  and  cheesy  matters  of  which  our  domestic  butter 
consists. 

Besides  the  casein  and  sugar,  batter  also  usually  contains  some  colour- 
ing substance  derived  from  the  plants  on  which  the  cow  has  fed,  and 
some  aromatic  or  other  similar  ingredients  to  which  its  peculiar  flavour 
is  owing,  and  which  are  also  derived  from  the  food  on  which  the  animal 
Hves. 

The  fat  of  butter  may  be  readily  separated  from  all  these  substances, 
and  obtained  in  a  nearly  pure  state.  Fresh  newly-churned  butter  is 
melted  in  a  cylindrical  jar  at  a  temperature  of  140®  to  180®  F.,  the 
fluid  oil  poured  ofT  into  water  heated  to  the  same  temperature,  and  re- 
peatedly shaken  with  fresh  portions  as  long  as  any  thing  soluble  is  taken 
up.  "V^hen  left  at  rest  in  a  warm  place,  the  melted  fat  rises  to  the  sur- 
face in  the  form  of  a  nearly  colourless  transparent  oil,  which,  on  cooling, 
hardens  into  a  colourless  mass. 

This  pure  fat  may  be  preserved  for  a  much  longer  time  without  be- 
coming rancid  (Thenard).  It  is  the  various  substances  with  which  its 
fatty  matter  is  mixed  that  give,to  common  butter  its  tendency  to  become 
8o  speedily  rancid  and  to  acquire  an  unpleasant  taste.  To  the  nume- 
rous precautions  which  have  been  adopted  with  the  view  of  counteract- 
ing this  tendency,  and  of  preserving  the  sweet  taste  of  butter,  I  shall  pre.- 
gently  direct  your  attention. 

§  11.  Of  the  average  quantity  of  hutttr  yielded  by  ffiilk  and  cream,  and 
of  the  yearly  produce  of  a  cow, 

1  have  already  made  you  acquainted  with  some  of  those  numerous 
circumstances  by  which  the  quality  of  milk  is  affected.  These  same 
circumstances  will  necessarily  more  or  less  affect  the  quantity  of  butter 
also,  which  a  given  weight  of  measure  of  milk  can  be  made  to  yield. 

Thus  in  the  King  William's  town  dairy  (County  Kerry),  the  average 
quantity  of  milk  and  butter  yielded  by  the  Kerry  and  Ayrshire  breeds 
respectively  was,  in  a  whole  year— 

Ayrshire  cow,  1328  quarts,  of  which  9^  to  9,^  quarts  gave  1  lb.  of  but- 
ter. 

'  BIncA  the  above  waa  wifctea,  two  eunidee  of  frcdi  butter,  from  er^am^  examined  tai  my 
I«borBio«7.  have  yielded  only  0-6  and  UT  per  ceDL  reM»ectJvely  or  eheeey  matter.  llUa  to 
certainly  a  much  amaUer  qaantity  than  I  had  expected.  Doea  butler  from  Uie  acAeit  mitt 
eeouOQ  morel    A  aesiea  of  fuoh  emunioMIOM  would  prove  ool  ODiotcrMdiif. 
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JCerry  eot^y  1264  quarts,  of  whieh  from  8  qnarts  to  8}  gave  1  lb.  of 
butter. 

Showing,  as  I  have  before  stated,  (p.  536),  that  the  small  Kerry  cow, 
upon  the  same  pasture,  will  give  a  richer  milk  eveu  than  the  Ayrshire. 

In  Holstein  and  Lunenburg  again,  it  is  considered,  on  an  average, 
that  15  quarts  of  milk  will  yield  1  lb.  of  butter.  The  milk  in  that 
country,  therefore,  must  be  very  much  poorer  in  butter.  [Journal  of  the 
Boyal  Agricultural  Society,  I.  p.  386.] 

'  The  result  of  numerous  trials,  however,  made  upon  the  milk  and 
cream  of  cows  considered  as  good  butter-givers,  in  this  country,  has 
established  the  following  average  relation  between  milk,  cream,  and  but- 
ter:— 

Milk.  Cream.  Batter. 

18  to  21  lbs.  I  .  , ,         5  4  lbs.    >         ^^  ,  ,. 

9toUqts.J  y^®^^         \2qxs.*\  ""' ^  ^^' 

The  cow,  therefore,  that  yields  3000  quarts  of  milk  should  produce, 
where  butter  is  the  principal  object  of  the  farmer,  about  300  lbs.  of  but- 
ter, or  1  lb.  a  day  for  300  days  in  the  year. 

This  is  not  a  large  daUy  produce,  smce  some  cows  have  been  known 
to  give  for  a  limited  time  as  much  as  two  or  even  three  pounds  of  butter 
in  a  single  day.  It  is  a  large  quantity  however,  taken  as  the  average  of 
a  lengthened  period  of  time,  and  hence  suchjcasesas  that  of  Mr.  Cramp*s 
cow,  which  for  four  years  continuously  yielded  nearly  a  pound  and  a 
half  of  butterf  every  day,  are  naturally  quoted  as  extraordinary. 

In  most  districts  the  average  of  the  whole  year  is  much  less  than  a 
pound  a  day,  even  for  ten  months  only.  In  Devon,  for  the  6rst  twenty 
weeks  after  calving,  a  good  cow  will  yield  12  quarts  of  milk  a  day,  from 
which,  by  the  method  of  scalding,  a  pound  and  a  quarter  of  butter  can  be 
extracted. 

In  South  Holland,  [Loudon*s  Encyclopaedia,]  a  good  cow  will  pro- 
duce during  the  summer  months  about  76  lbs.  of  butter.  In  the  high 
pastures  of  Scaria  in  Switzerland,  a  cow  wHl  yield  during  the  ninety 
days  of  summer  about  40  lbs.  of  butter,  or  less  than  half  a  pound  a  day. 
In  Holstein  and  Lunenburg  it  is  considered  a  fair  return  if  a  cow  vjelds 
100  lbs.  of  butter,  and  even  in  England,  [British  Husbandry,  fl.,  p. 
404,]  160  to  180  lbs.  is  reckoned  a  fair  annual  produce  for  a  cow,  or  from 
8  to  9  ounces  a  day  for  ten  months  in  the  year. 

§  12.  Of  (he  circumstances  which  affect  the  quality  of  butter. 
It  is  known  that  the  butter  produced  in  one  district  of  the  country,  dif- 
fers oflen  in  quality  from  that  produced  in  another,  even  though  the  same 
method  of  manufacture  be  adopted.  In  different  seasons  also  the  same 
farm  will  produce  different  qualities  of  butter— thus  it  is  said  that  cows 
which  are  pastured  yield  the  most  pleasant  butter  in  May,  when  the  first 
green  fodder  comes  in — that  the  finest  flavoured  is  given  by  cows  fed  upon 
spurrey  (Sprengel) — that  it  is  generally  the  barest  wnen  the  animal 
lives  upon  dry  food-^and  that  autumn  butter  is  best  for  long  keeping. 

*  The  qotutfi  spoken  of  in  this  lecture  are  old  itmm  aoarta,  of  which  6  make  an  i^nperial 
nOoo.  A  wine  icaUon  of  milk  or  erenm  welRhe  ab»ut  8  Ibe.  4  ox.,  an  imperiftl  callon  about 
10  the.  6  oz.    About  two  imperial  gaOona,  therefore,  ahould  jieM  a  pound  of  butter. 

t  It  gave  in  four  jeara  213a  the.  of  boctor  from  93,660  qusita  of  milk,  or  16  quarts  sdsj,  of 
wliAcli  11  quarts  fsvs  s  pouud  of  butter. 
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These  diflerences  may  all  be  ascribed  to  ▼arieties  or  natiual  diflfeiuaua 

In  the  pa<»ture  or  foil  ler  upon  which  the  cow  is  fed.*  The  coDStitutkni Of 
the  animal  alao  is  known  to  atlbct  the  quality  of  the  butter— since  there 
are  some  animals  which  with  the  best  food  will  never  give  first-rate  bol- 
ter. 

In  all  su'^h  ca^e^  as  these,  however,  the  quality  of  the  batter  is  almost 
entirely  dependent  upoo  that  of  the  milk  from  which  it  is  made,  so  that 
whatever  atfucu  the  (lualitv  of  the  milk  must  influence  also  that  of  the 
butter  prepared  from  it.  But  as  I  have  aireody  considered  the  cirrum- 
stances  by  which  the  quality  of  the  milk  is  principally  modified  (p. 
534),  I  shall  not  further  advert  to  this  subject  at  present. 

Bill  from  the  same  milk,  and  even  from  the  same  cream,  by  diff^reot 
modes  of  procedure,  very  ditfenent  qualities  of  l)uiter  may  be  obtained. 
The  mole  of  mailing  or  exiRicting  butter,  therefore,  is  highly  wotthy  of 
your  attention.  Let  us  consider  a  few  of  the  racjre  important  circum- 
atances  under  which  diflTerent  qualities  of  butler  may  be  extra<Aed  from 
the  same  quality  of  milk  or  cream. 

1°.  First  and  second  draxm  mt/it.— If  the  milk  be  collect e<l  in  two  or 
three  8ncce';>nve  |K>ftions,  as  it  comes  from  the  cow,  we  have  nlreaily 
seen  (p.  53G),  that  the  last  drawn  portion  will  be  much  richer  than  thi 
which  has  been  taken  first.  The  cronni  yieldeil  by  it  wfllal«>be  richer, 
and  of  a  rtnsr  and  higher  flavour.  Whether,  tlierefiire,  th^  butter  be  ex- 
tracted directly  from  the  wliole  milk,  or  from  the  cream,  the  buner  ol>- 
tained  from  the  three  succes-«ive  portions  will  differ  in  quality  almost  as 
much  as  the  several  portions  of  milk  themselves. 

A  practical  application  of  this  fact  is  made  in  some  of  the  Hi.sh!an<l 
counties  of  Scotland,  and  in  orhnr  distrirts,  where  the  calves  are  allowed 
to  suck,  or  are  fVd  with,  the  fir-^t  half  of  (he  milk  as  it  comes  from  the 
cow — rhe  latter  and  richest  half  »nly  being  reserved  for  dairy  purposes. 
This  second  milk  is  found  to  artl)rd  an  oxquir^ite  butter. 

a*'.  First  and  second  cream. — In  like  manner  the  first  cream  that  rises 
upon  any  milk  i:*  always  the  richest,  and  gives  the  finest  flavoured  but- 
ter. The  after-creaming^  are  not  only  poorer  in  butter,  but  ^neld  it  of  a 
whiter  colour  and  of  inferior  qnaliiy. 

This  fact  a^ain  is  well  luiderstood,  and  has  been  long  practically  ap- 
oliedan  the  ntiighbourhool  of  Epping,  which  is  cclrbrated  for  the  excel- 
lence of  its  butter.  The  cream  of  the  first  24  hours  is  set 'aside  and 
churned  by  itself.  The  second  and  third  creams  produce  a  pale,  less 
pleasant  butter,  which  always  sells  for  an  inferior  price.  Any  admix- 
ture of  the  a (ter-creamings causes  2^ corresponding  diminution  infhe  value 
of  the  butter  produced.  To  produce  the  most  exquisite  butter  the  cream 
of  the  first  eight  hours  only  oughts  be  taken. 

3^.  Alode  of  ereaminsr. ^^T tic  rapidity  with  which  cream  rises  to  tlie 
surface,  either  naturally  or  when  influenced  by  art,  affects  the  ciuality  of 
the  cream,  and  consetjuently  t haf  lof  the  butter  made  from  it.  In  warm 
weal  her  it  rises  more  quickly  than  in  cold,  and  more  quickly  still  whea 
the  milk  is  heated,  as  in  the  preparation  of  clouted  cream.     The  butter 

*  Th«  InflneneA  ofThe  fhod  giTpn  In  the  RfnTI  add  of  th<%  plnnta  eaten  In  the  pasture,  opon 
the  e»loitr  an«l  fltvour  or  (h**  hntier.  la  fatniliar  ro  aII  pracitra)  men.  The  iiirnipy  t.-\si<> « 
the  hiirter  In  winter— the  ptriic  t&sf<*  In  8*imm'*r.  whero  ih<>  wiM  onion  {rruw.<i  in  the  paecjirn 
-*«iMi  the  «Uef ed  affect  o/  rtw  putatoM^ui  eviolcr,  in  givins  e  rich  colour  lo  Ibe  huuer,  ars 
•ommoa  eumpleA  of  this  kiad  r    •        < 
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(Bohemian  butter)  obtaioed  from  such  cream-^from  cream  thus  rapidly 
brought  to  the  surface — may  be  expected  to  differ  both  in  flavour,  in  con- 
sistency, and  in  composition,  from  that  yielded  by  the  cream  of  the  same 
milk  when  allowed  to  rise  in  the  nsual  manner. 

4?.  t^^oumMS  of  the  creaif».^-FQr  the  production  of  the  best  butter  it  is 
necessary  that  the  cream  should  be  sufficiently  sour  before  it  is  put  into 
the  churn.  Butter  made  from  sweet  cream  (not  clouted^,  is  neitlier  good 
in  quality  nor  large  in  quantity,  and  longer  time  is  requured  in  churning. 
It  is  an  unprofitable  meth(id  (Ballantyne). 

5^.  Quickness  in  c^vmtn^.— fhe  more  quickly  milk  or  cream  is 
churned,  the  paler,  the  softer,  and  the  less  rich  the  butter.  Cream,  ac- 
oording  to  Mr.  Ayton,  may  be  safely  churned  in  an  hour  and  a  half, 
while  milk  ought  to  obtain  from  two  to  three  hours.  The  churning 
ought  also  to  be  regular,  slower  in  warm  weather  that  the  butter  may 
not  be  soft  and  white,  and  quicker  in  winter  that  the  proper  temperature 
may  be  kept  up. 

Mr.  Blacker  has  lately  introduced  into  this  country  a  barrel*chura  in^ 
vented  by  a  Mr.  Valcourt,  which,  being  placed  in  a  trough  of  water  of 
the  proper  temperature,  readily  imparts  the  degree  of  heat  required  by 
the  milk  or  cream  without  the  necessity  of  adding  warm  water  to  the 
milk,  and  chums  the  whole  in  ten  or  twelve  minutes.  It  is  said  also  to 
give  a  larger  weight  of  butter  from  the  same  quantity  of  milk.  If  the 
quality  be  really  as  good  by  this  quick  churning,  the  alleged  inferiority 
in  the  quality  of  butter  churned  quickly  in  the  common  chum  can  not 
be  due  to  the  mere  rapidity  of  churning  alone. 

6°.  Over- churning. ^-Vf  hen  the  process  of  churning  is  eontinued  after 
the  full  separation  of  the  butter,  it  loses  its  fine  yellowish,  waxy  ap- 
pearance, and  becomes  soft  and  light  coloured.  The  weight  of  the  butter, 
however,  is  said  to  be  considerably  increased  ;  and  hence  that  in  Lan- 
cashire over-churning  is  frequently  practised  in  the  manufacture  of  fresh 
butter  lor  immediate  sale  (Dr.  Traill.) 

7°.  Temperature  of  the  milk  or  cream. — Much  also  depends  upon  the 
temperature  of  the  milk  or  cream  when  the  churning  is  commenced.. 
Cream  when  put  into  the  churn  should  never  be  warmer  than  53°  to  55° 
F.  It  rises  during  the  churning  from  4°  to  10°  F.  above  its  original 
temperature.  When  the  whole  milk  is  churned,  tne  temperature  should 
be  raised  to  65°  F.,  which  is  best  done  by  pouring  in  hot  water  into  the 
churn  while  the  milk  is  kept  in  motion.*  i 

The  importance  of  attending  to  the  temperature  and  to  the  quicknes« 
of  churning,  when  the  best  quaUty  of  butter  is  required,  is  shown  by  the, 
two  following  series  of  results  obtained  in  the  churning  of  cream  at  dif-^ 
(brent  temperatures  and  with  different  degrees  of  rapidity. 

The  first  series  was  obtained  in  the  August  and  September  of  1823,  hir 
Dr.  Barclay  and  Mr.  Allan.  The  quantity  of  cream  churned  in  eaco 
experiment  was  15  wine  gallons,  weighu»g  from  8  lbs.  to  8^  lbs.  per  gal- 
lon. 

BallantTne,  TranMOttionaof  the  ISghtand  Society^  New  Series,  T.,  p.  24.  Borne  object  to 
M»inellKMl  of  addiiNt  hot  water,  sajlntt  that  It  rendam  the  butter  pale  and  Ivea  valoaMe  In  lh« 
Market.  Thia  ia  bjr  no  iDeana  univeraaUjr  the  case,  aod  the  keepinft  t))e  milk  io  motion, 
while  the  water  is  added,  may  po«aibly ,  {n  some  cases,  make  the  differenco.  lu  other  caaas. 
may  be  owing  to  natural  dttferenooa  In  Uie  quaUty  of  (he  milks  Qwniad  upon. 
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Tempentora.  Qnaodty  of 

^.       . .  o  ■  .^  Tline  in       fittlter 

No.    Begtn-  v.^  CbunUng.  per  gallon.                     Qnalily  ofthsBottar. 

nbic.  ^^*  Hoars.       lb.    o«. 

1      50^^  00°  4  1    15i  Very  best,  rich,  firm,  w«U  tasted. 

9      55®  65°  3i  1    15j.  Not  wnsibly  superior  to  the  fmiMr. 

3  58°  67°  3  1    U  Good,  but  soaer. 

4  60°  68°  3  1    12|  Soft  and  spongy. 

5  66°  75°  2|  1    104  Inferior  in  eTery  respect 

The  results  of  these  experiments  prescribe  the  temperature  of  50  to  55^ 
F.  for  the  cream  when  put  into  the  chiim,  and  from  3^  to  4  hoars  as  the 
most  eligible  for  producing  butter,  both  in  tlie  largest  quantity  and  <^th« 
finest  quality.  Something,  however,  appears  to  depend  upon  the  quality 
of  the  cream ;  since  the  i»ltcarions  of  the  next  series  of  experiments  dif- 
fer considerably  from  the  above,  in  so  far  at  least  as  regards  the  length 
of  time  expended  in  churning. 

The  following  exfieriments  were  made  in  Edinburgh,  by  Mr.  Ballan- 
tyne,  between  June  and  August,  1825.  The  quantity  of  cream  he  used 
at  each  churning  was  8  wine  gallons — ^weighing  8  lbs.  to  tlie  gallon,  ex- 
tcept  hat  of  the  fourth  experiment,  which  weighed  4  ounces  less. 

Qnlity  of  lh«  batter. 

Inferior;  white  and  softer  than  No.  S. 
The  flavour  and  qualify  of  these  two 

butters  could  not  be  surpassed. 
Soft,  white,  and  milky. 
Good— evidently  injured  by  long  chun- 

ing. 
6    53|°      57i°  li         2    0}    Most  excellent    High  in  flavour  and 

colour,  and  solid  as  wax. 

To  obtain  butter  from  cream,  therefore,  both  finest  in  quality  and 
largest  in  quantity,  these  two  series  of  experiments  prescribe  the  follow- 
ing temperatures  of  the  cream,  and  times  in  the  churning  — 
Tempermtore.  Time. 

First    ...     50°  to  55°  3}  to  4  hours 

Second      .     .     53J°  1 J  to  If     " 

In  the  temperature  both  agree.  It  is  probable  that  the  nature  of  the 
cream  obtained  at  different  seasons  or  in  different  localities  may  render 
a  longer  time  necessary  in  the  churning  on  some  occasions  or  tn  some 
places  than  in  others.  It  is  certain  that  the  sourer  the  cream,  the  sooner 
generally  will  the  butter  come.* 

8°.  Churning  the  entire  f»i7A:.— It  is  in  connection  with  the  tempera- 
ture at  which  milk  and  cream  may  respectively  be  best  and  most  eco- 
nomically churned,  that  the  chances  of  obtaining  a  butter  of  good  quality 
at  every  season  of  the  year  appear  to  be  greater  when  the  whole  milk  is 
used,  than  when  the  cream  only  is  put  into  the  chum. 

Cream,  when  the  churning  commences,  should  not  be  warmer  than 
65°  F.— milk  ought  to  be  raised  to  65°  F.  In  winter,  either  of  tliese  tern* 
peratures  may  be  easily  attained.    In  cold  weather  it  is  often  necessary 

*  In  tweet  cream,  when  the  batter  It  kmff  In  coming,  the  addition  oft  Ultle  ?iaesar,  bnndj, 
«r  wbltkey,  will  kaaten  the  ehiiraing 
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to  add  hot  water  to  the  cream  to  raise  it  even  to  55<>.  But  in  suminer, 
and  r'dpecially  in  hot  weather,  it  is  ditticult,  even  in  cool  and  well  or- 
dereri  dairies,  to  keep  the  cream  down  to  this  comparatively  low  temper- 
ature. Hence  if  the  cream  be  then  churned,  a  second  rate  butter,  at  be:$t, 
is  all  that  can  be  obtained. 

Milk,  on  the  other  hand,  requires  a  temperature  of  65^— ten  degrees 
higher  than  cream— and  therefore  neither  summer  nor  winter  weatlier 
materially  atTects  the  ease  of  churning  it.  In  winter,  its  temperature  is 
raised  by  hot  water,  as  that  of  cream  is,  and  even  in  summer  there  can 
be  few  days  in  our  climate— where  the  milk  is  kept  in  a  well  contrived 
dairy— in  which  it  will  not  be  necessary  to  add  more  or  less  hot  water  in 
order  to  raise  the  milk  to  65^  F.  Thus,  where  the  entire  milk  is  churned, 
the  same  regular  method  or  system  of  churning  can  be  carried  on  through- 
^  out  the  wiiale  year.  No  diHdculty  is  to  be  apprehended  from  the  state 
'of  the  weather,  nor,  so  long  as  the  quality  of  the  milk  remains  the  same, 
is  there  reason  to  a[>preheod  any  change  in  the  quality  of  the  butter. 
Thd  winter  butter  and  the  summer  butter  may  be  alike  firm,  finely  fla 
YOU  red,  and  rich  in  colour. 

The  allen;ed  advantages  of  churning  the  entire  milk  rather  than  the 
cream  may  be  thus  stated  : — 

a.  The  proper  temperature  can  be  readily  obtained  both  in  winter  and 
in  summer. 

b.  A  hundred  gallons  of  entire  milk  will  give  in  summer  five  per  cent. 
more  butter  than  the  cream  from  the  same  quantity  of  milk  will  give 
(Ballantyne). 

c.  Butter  of  the  best  quality  can  be  obtained  without  difficulty  both 
in  winter  and  in  summer. 

d.  No  special  attention  to  circumstances  or  change  of  method  ia  at 
any  time  re([uired.  The  churning  in  winter  and  summer  is  alike  simple 
and  easy. 

c  The  butter  is  not  only  of  the  best  quality  while  fresh,  but  is  also 
best  for  long  keeping,  when  properly  cured  or  salted  (Ballantyne). 

To  these  advantages  it  is  set  o^,  that  except  in  the  neighbourhood  of 
large  towns,  the  butter-milk  is  of  little  value— while  from  the  skimmed- 
milk,  a  marketable  cheese  can  always  be  manufactured.  But  thisousrht 
to  be  no  objection,  where  churning  the  whole  milk  would  otherwise  be 
preferred,  since  it  is  little  more  ditficult  to  make  cheese  from  the  sour 
butter-milk  than  from  the  sweet  skimmed-milk.  To  this  point  I  shall 
direct  your  attention  hereafter. 

9®.  Cleanliness. — It  seems  almost  unnecessary  for  me  to  allude  to 
cleanliness  as  peculiarly  necessary  to  the  manufacture  of  good  butter. 
But  I  do  so  to  bring  under  your  notice  the  fact,  that  cream  is  remarkable 
ibr  the  rapidity  with  which  it  absorbs  and  becomes  tainted  by  any  un- 
pleasant odours.  It  is  very  necessary  that  the  air  of  the  dairy  should  be 
sweet,  that  it  should  be  often  renewed,  and  that  it  shonld  be  open  in  oo 
direction  from  which  bad  odours  can  come. 

§  13.  Of  the  fatty  substances  ofuhich  butter  amsisU,  and  of  pie  add  of 
batter  (butyric  acid,)  and  the  capric  and  caproic  adds. 
1°.  Butter-fat. — I  have  already  mentioned  to  you  that  if  the  batter  as 
it  is  taken  from  the  chum  be  melted  in  water  of  a  temperature  not  ex*- 
24 
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ceeding  180^  F.,  and  be  then  washed  with  repeated  portions  of  warm 
water,  a  nearly  colourless  fluid  oil  i^  obtained,  which,  if  not  transpar- 
ent, becomes  so  when  filtered  through  paper,  and  when  cool  oongeals  into 
a  more  or  less  pure  white  solid  fat.  If  this  fat  be  put  into  a  linen  cloth 
and  be  submitted  to  a  strong  pressure  in  a  hydraulic  or  other  press  at  the 
temperature  of  60*  F.,  a  slightly  yellow,  transparent  oil  will  flow  oiit, 
and^  solid  white  fat  will  remain  behind  in  the  linen  cloth.  The  solid 
fat  is  known  to  chemists  by  the  name  of  margarine.  The  liquid  oil  is 
peculiar  to  butter,  at  least  it  has  not  hitherto  been  found  in  any  other  sub- 
stance ;  it  is  therefore  called  th^  oleine  of  butter,  or  simply  butUr-oil. 

The  pure  fat  of  butter  consists  almost  entirely  of  these  two  substances, 
there  being  generally  present  in  it  only  a  small  quantity  of  certain  fatty 
acids,  which  I  shall  presently  introduce  to  your  notice.  Thus  a  speci- 
men of  butter  made  in  the  month  of  May  gave  a  fat  which  was  found 
by  Bromeis  to  consist  of  about— 

Margarine     .     .     .    ^ 68  per  cent. 

Butter  oil 30        •• 

Butyric,  caproic,  and  capric  acids    ....       2        ^ 

lOO* 
But  the  proportion  of  the  solid  and  fluid  fats  in  butter  varies  very  much, 
it  is  familiar  in  every  dairy  that  the  butter  is  harder  and  flrmer  at 
one  time  and  with  one  mode  of  churning  than  with  anotber,-^and  this 
greater  flnnness  depends  mainly  upon  the  presence  of  the  solid  fat  (mar-' 
garine)  in  larger  proportion.  According  to  Braconnot,  summer  butter 
contains  much  more  of  the  hiUter-oil  than  winter  butter  does ;  and  be 
states  their  relative  proportions  in  these  two  seasons,  in  the  butter  of  the- 
Vosges,  which  he  examined,  to  be  as  follows  :— 

Sommer.  Winter. 

Margarine 40  66 

Butter  oil 60  36 

100  ^  100 

Of  course  these  proportions  are  not  to  be  considered  as  constant*  In*- 
deed,  the  proportion  of  oil  here  given  for  summer  butter  is  much  greater 
than  in  the  butter  examined  by  Bromeis.  It  is  probable,  therefore,  that 
the  relative  proportions  of  the  two  fats  are  affected  by  climate,  by  sea- 
son, by  the  race,  the  food,  and  the  constitution  of  the  animal;  by  the  way 
in  which  the  butter  is  made,  by  the  manner  in  which  it  is  kept,  and  by 
other  circumstances  not  hitlierlo  investigated. 

2°.  Afar^armc— This  solid  fat,  which  exists  so  largely  in  batter,  is 
also  the  solid  ingredient  in  olive  oil,  and  in  goose  and  human  fat.  But- 
ter, therefore,  appears  to  be  a  nxost  natural  fcxxl  for  the  human  race,  since 
it  contains  so  large  a  proportion  of  one  of  those  substances  which  enter 
directly  into  the  constitution  of  the  human  frame. 

Margarine  is  white,  hard,  and  brittle,  and  melts  at  118°  F.  In  the 
pure  state  it  may  be  kept  for  a  lengtli  of  time  without  undergoing  any 
sensible  change,  but  in  the  state  of  mixture  in  which  it  exists  in  milk  -and 
butter  it  is  apt  to  absorb  oxygen  from  the  atmosphere,  and  to  be  partially 

*  AtmaU  dir  Chtm.  tmd  Pl^ar.,  slil.,  p.  70. 
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changed  tato  butter  oil,  and  into  one  or  other  of  those  fatty  acids  vhich 
are  present  in  butter  in  smaller  quantity. 

3^.  Margarie  acid. — When  this  fat  (Margarine)  is  introduced  into  a 
hot  solution  of  caustic  potash*  it  readily  dissolves  and  forms  a  soap.  If 
the  solution  of  this  soap  in  water  be  decomposed  by  the  addition  of  diluted 
sulphuric  acid  a  white  fatly  substance  separates,  which,  after  being  col- 
lected, dried,  aiSd  dissolvecl  in  hot  alcohol,  crystallizes  as  the  solution 
cools,  in  the  form  of  pearly  scales.  This  Substance  is  knowo  by  the 
name  of  the  margarie  (or  pearly)  acid.  Margarine  consists  of  thi«  acid 
in  combination  with  a  sweet  substance  known  by  the  name  of  glycerine, 
or  oil  sugar,* 

Margarie  acid  is  represented  by  the  formula  34C-f34H  +  4  0,  or 
C34  Hm  O4.  To  this  formula  it  will  be  necessary  in  a  few  minutes  to 
revert. 

Butier  <n7.— The  liquid  fat  expressed  from  butter  has  the  appearance 
of  an  oil,  sometimes  colourless,  but  often  tinged  of  a  yellow  colour.  It 
has  the.  taste  and  smell  of  buttei^— mixes  readily  with  alcohol,  and  be- 
comes solid  when  cooled  down  to  32°  F.^the  freezing  point  of  water. 
It  dissolves  without  ditiiculty  in  a  solution  of  causdc  pcnasli,  and  forms 
a  soap. 

Add  of  butter-fnl'-oleic  acid  of  fewWer.^When  the  solution  of  the  oil 
in  caustic  potash  is  diluted  with  much  water,  aod  decomposed  by  the  ad- 
dition of  diluted  sulphuric  acid,  an  oily  substance  is  separated,  which  is 
different  from  the  original  oil  of  butter,  possesses  acid  properdes,  and  is 
known  by  the  name  of  the  oleic  acid  of  butter.  This  fatty  acid  has 
never  hitherto  been  obtained  from  any  other  substance  than  the  oil  of 
butter,  and  the  oil  consists  of  the  acid  in  combination  with  oil-sugar. 
You  will  recollect  that  margarine  consists  of  margarie  acid  in  combination 
with  the  same  sugar  (p.  658.) 

*  Such  l«  the  apparent  compoaition  of  Um  two  fttty  lubatuiees,  raarg«rine  and  boafr-ofl, 
inMOiiich  M  wii«ii  itiey  are  dis9oIvrd  in  a  foluttun  of  cauniic  potash,  and  lbe\r  aolwioiin 
aftarwarOa  decomiw^etf  by  an  acid,  ihoy  are  re*olved  roapeclivHy— 
Margarine— \n\.o  margarie  acid  and  olNeuKwrt 
BiUteroU—lMQ  butter  oleic  acid  aiidoil-augar. 

But,  for  the  benefit  01'  uiy  chemical  readera  (mj  other  readera  wlU  pleaae  to  pmb  over 
this  notP%  it  is  neceasnry  to  KtJtr— - 

i^.  That  a  compound  i«  anppoaed  to  exist,  cooeiatlof  of  9  atoma  of  caiten  nnlied  to  2>of 
hydrogpn— C3  Hi,  (o  wlik*h  the  name  odipjfle  la  given. 

SO.  That  this  radical  Cs  Ha  UQiles  wlUi  aa  atom  of  oxygen,  forming  C3  H2  O,  or  oside  qf 

^.  Tliat  In  nearral  fatty  bodies,  sneh  aa  wtargarine,  this  oxide  exists  In  eombioatioa 
witti  a  (atty  acid.    Thua,  for  example,  ihai— 

_  .  .      ^  U  of  mttntaric  acid =  CM  Hat  O4 

Jlfcr^onneconsiatsofjl  ^f  ^,iXo^Upy,^ =  C.,  Hi  O 

Forming,  together,  1  of  maifarine =CCTH»05 

hiuer^  of  J  1  of  oxide  of  Upyle =  <?3  Ha  O 

Formtni,  tof ether,  1  of  biKter-oil ssCS7H:'SOs 

4°.  Aod  that  when  tbia  oxide  of  Hpyle  is  sepvated  from  ita  oombinatton  with  the  iaity 
acids  it  anitcs  with  a  qoanilty  of  water,  and  forms  glycerine  or  oil^ucar.    Ttioa— 

2  ofoxideoflipylo =  C€  Hi  O*  united  to 

3  of  water =        H>  O3  give 

1  of  glycerine  <oll-»nifar)  ..-....=  C«  H7  O5 
fio.  The  above  la  the  view  of  Berxellns,  bat  Redteobacher  haa  recently  soansred.  {hnmL 
dor  Cliam.  und  Fteft,XLVU.»^  Ml,]«hstftlBMni  jitaMMS  mUad  iwgmiiaiB  to  tb» 


590  cBAHvc  or  ifAB0AUini  ufT«  oiaac  acid. 

When  pare,  ifais  oily  acid  is  odourleas  aod  transpareDt,  and  u  r^ 
markable  for  the  raptdiy  iet<A  idkicft  ii  ab90Tb»  any  gen  from  Ike  aimo*- 
phtre,  and  becomes  oonv^rted  iato  new  chemical  compoands.     It  is  r»- 
preseiued  by  tbe  formula  34C  +  31H  +  60,  or  C34  H31  Os. 
Let  ud  cumpare  this  fomiiiia  with  that  of  the  margaric  acid : 

Margaric  acid =  C34  H34  O4 

Butter  oleic  acid      .     .     .     .    =  C34  M.t  O5 


DiflTerence -h  H3  — Oi 

or,  if  3  of  hydrogen  be  takeo  from  tlie  margaric  add  and  1  of  ozygeo 
add  M  to  it,  it  will  be  converted  into  the  oleic  acid. 

Now  this  may  be  eHected  by  simply  8up|Nwiiig  one  atom  of  margazic 
acid  to  absorb  four  atoms  of  oxygen  from  the  atmosphere.     Thus— 
1  of  margaric  acid  =  C31  ¥Lm  O4 
4  of  oxygen     .     .  =  O4 

lofolcieacid     +   3  of  wmtcr. 

Csi  H34  Ob  ,    or  C34  H^i  Ob    +      3HO. 

So  that  either  in  the  body  of  the  animal,  in  the  milk  while  it  remains 
in  the  udder,  or  when  it  is  exposed  to  the  air  afler  being  drawn  from  the 
cow,  or  even  in  the  churn  itself,  it  may  happen  that  a  portion  of  the 
margaric  acid  may  absorb  oxygen  and  become  changed  into  the  oleic 
acid.  It  may  also  be  that  this  change,  this  absorption  of  oxygen,  is  pro- 
moted by  warm  and  retarded  by  cold  weather,  and  that  thus  the  butter 
is  rendered  generally  softer  in  the  summer  and  harder  in  the  winter  sea- 
son. B  ut  these  are  as  yet  only  conjectures ;  for,  after  all,  the  relative  pro- 
portions of  the  sofl  and  hard  fat  in  butter  at  ditferent  times  of  the  year 
may  depend  ujwn  natural  difierences  in  the  herbage  at  the  several 
seasons,  or  upon  some  other  causes  which  have  nof  as  yet  been  in 
vestigatcd. 

5°.  Butyrict  caprie,  and  caproie  acids. — These  substances,  as  I  have 
already  stated  to  you,  exist  in  butter  only  in  small  quantity— -to  the 
amount  of  2  or  3  per  cent.  To  these  acids,  and  especially  to  the  capric 
and  caproie,  butter  owes  its  disagreeable  smell  when  it  becomes  rancid. 
They  do  not  exist,  naturally,  to  any  unpleasant  extent  in  perfectly  fresh 
butter— they  are  gradually  formed  in  it,  however,  when  fresh  butter 
is  exposed  to  the  air.  I  do  not  enter  into  any  detail  of  their  proper* 
ties,  or  of  the  mode  of  extracting  them  from  butter,  because  these  points 

flu*  In  comMnation  with  tbe  fattj  scid.  Tliis  acroleifi  Is  represented  bj  Ct  H4  Ot,  wbkh 
la  exactly  th«  conptitotion  of  2  of  Upjle.  Bo  that  according  to  thla  view  (be  eoUd  fat  of  bol- 
ter would  coofliat  of— 

2  of  marxarlo  acid    .    .    .    .    =  C6>  Res  OB 

1  of  aeroleia    .  .    .    .    =  06  H«  O2 

2  of  maricanc  acid    .    .    .    .    =  C74  Un  Oio 

and,  by  a  like  aabetilutioo  of  acrolohi  fur  ojcUe  of  llpyle,  uajr  the  coostitoQoa  of  bottar-el 
be  repretenled. 

Th(9  principal  known  fact  In  fkrtmr  of  this  view  of  Redtenbacher  is,  that  when  fljcerlne  la 
distilled  with  anhydroiH  phosphoric  acid,  acrolein  in  produced.  He  supposes  Ihal  Uie  add 
lakes  the  elemenle  of  3  atoms  of  water  from  glycerine,  fnrminc  acrolein :  since  if  Ihifli— 

1  of  fijeerine =  Cs  If?  03  we  take 

3  of  water =        Ht  Os 

Acnlein  remains    ......'.=  C4  H4  03  \ 

The  eonversion  of  acrolein  Into  fflycArtne,  when  It  Is  separated  from  the  fatt|  adds,  is  siq^ 
posed  to  proceed,  as  in  the  case  of  ttpyle,  from  Its  combinatioii  with  the  water  at  tbe  mniiiMt 
of  •nriesitoo.    Ftmber  rasesmhii  ms  jrst  nqpinA  to  cieT  up  this  il^eflt 
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are  of  less  interest  or  importance  to  you.  It  is  necessazy  only,  to  a 
clear  understanding  of  the  kind  of  cnanges  which  take  place  when  butter 
becomes  rancid,  th^t  I  should  exhibit  to  you  the  fbrmulsB  by  which  these 
acid  bodies  are  severally  represented  :— - 

Butyric  acid  =  Cs    Hg    O4 

Caproicacid  =  Ci2  H9    O3 

Capric  acid    =  Cis  Hu  O3 
We  shall  see  how  these  substances  are  produced  from  the  solid  and 
fluid  fats  of  butter,  when  we  come  to  treat  of  the  preservation  of  butter. 

§  14.  Of  casein  or  ike  curd  of  milk  and  its  properties. 

The  casein  or  cheesy  matter  of  milk  may  be  obtained  nearly  pure  by 
the  following  process  : — Heat  a  quantity  of  milk  which  has  stood  for  5 
or  6  hours,  as  if  you  intended  to  prepare  clouted  cream  (p.  548),  let  it 
cool,  and  separate  the  cream  completely.  Add  now  to  the  milk  a  little 
vinegar  and  heat  it  gently.  The  whole  will  coagulate,  and  the  curd  will 
eep.irate.  Pour  oflf  the  whey,  and  wash  the  curd  well  by  kneading  it 
with  repeated  portions  of  water.  When  pressed  and  dried,  this  will  be 
casein  sutiiciently  pure  for  ordinary  purposes.  It  may  be  made  still 
more  pure  by  dissolving  it  in  a  weak  solution  of  carbonate  of  soda,  al- 
lowing the  solution  to  stand  for  12  hours  in  a  shallow  vessel,  separating 
any  cream  that  may  rise  to  the  surfaee,  again  throwing  down  the  curd 
by  vinegar,  washing  it  frequendy,  and  occasionally  boiling  it  with  pure 
wat<%r.  By  repeating  this  process  two  or  three  times,  it  may  be  obtained 
almost  entirely  free  from  the  fatty  and  saline  matters  of  the  milk. 

Casein  thus  prepared  reddens  vegetable  blue^  and  is  therefore  a 
slightly  acid  substance.  It  is  very  sparingly  soluble  in  water— 400  lbs. 
of  cold  water  dissolving  only  1  lb.  of  pure  casein  (Rochleder).  It  dis- 
solves readily,  however,  and  in  large  quantity,  in  a  weak  solution  of  the 
carbonate  of  potash  or  of  sorla,  and  to  some  extent  even  in  lime-water. 
These  solutions  are  coagulated  by  the  addition  of  an  acid— of  sulphuric 
acid,  of  vinegar,  or  of  lactic  acid^and  the  curd  readily  separates  on  the 
application  of  a  gentle  heat.  If  a  lari^e  quantity  of  acid  be  added,  a  por- 
tion of  the  casein  is  re-dissotved.  This  property  of  dissolving  in  weak 
alcalioe  (potash  or  soda)  solutions^  satisfactorily  explains  what  takes 
place  dunng  the  curdling  of  milk,  as  we  shall  hereafter  see  (p.  567). 

The  casein  of  milk  is  identical  in  chemical  constitution  with  the  fibnn 
of  wheat,  the  legumin  of  the  pea  and  l)ean,*  apd  the  albumen  of  the 
egg  or  of  vegetable  substances.  Hence  the  opinion  has  naturally  arisen 
among  chemists,  that  the  cheesy  matter  coniained  in  an  animars  milk  is 
derived  directly,  and  witlmut  change,  from  the  food  on  which  it  lives. 
The  probability  of  this  opinion  will  come  naturally  under  our  considera- 
tion in  the  following  lecture.  (See  next  lecture,  **  On  the  feeding  0/* 
stock:') 

Casein  possesses  still  one  property  more  remarkable  than  any  of  its 

*  In  pai;<*  3M  ic  la  itated.  on  the  authority  of  Dnmu,  that  thelegnmln  of  the  pea  and  bean 
lUflferain  cnmpovition  from  fibrin  aiui  nlhuinen  Since  that  ah(>?t  wafl  publiahed,  it  app>t«ra, 
from  the  experim<*,ara  of  Rochl«f(1er(\nttal.  der  Chem.  nnd  Pharm.,  aWi.,  11. 102),  ih«ttb« 
leipimln  which  Diioiaa  pxfracted  from  the  aJjiiond,  aoaljeed.  and  stinpnaed  to  be  identical 
with  Uie  legamio  of  the  bean  and  pea,  ia  not  ao,  but  ia  In  reailty  a  different  1  ' 
Ihst  ULeJq^miii  of  paaa  dMt  a|rae  in  coaposiUon  with  U>e  casaiA  of  niUb 
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others,  and  exceedittgly  interesting  to  the  practical  agriculturist-     !Let 
me  explain  this  property  a  little  more  in  detail. 

§  15.  Of  the  releUions  of  easein  to  ike  sugars  and  the  fats* 
1°.  Relation  to  the  sugars. ^^a>  Production  of  lac  fie  acid, — I  have 
already  ad  vert «d  {p.  643)  to  the  remarkable  property  which  c&sein  pos- 
sesses of  gradually  converting  tnilk  or  other  sugars  into  lactic  acid.  If 
a  small  (luantify  oT  this  substance,  either  in  the  state  of  fresh  curd  or  in 
the  purer  form  just  described,  be  introduced  into  a  solution  of  cane-sugar. 
or  of  sugar  of  milk,  lactic  acid  begins  very  soon  to  be  formed.  Thus 
the  casein  it  contains  is  the  cause  of  the  souring  of  milk.  In  like  man- 
ner  it  is  the  casein  contained  in  bean  or  pea-meal  which  makes  it  so 
eoon  become  sour  when  mixed  with  water. 

b.  Production  of  butyric  a«<(/.— -But  the  transforming  action  of  casein 
does  not  end  when  this  change  is  produced.  Afler  a  longer  time  a 
further  alteration  is  etiected  by  its  means.  A  fermentatioD  commences, 
during  which  carbonic  acid  ami  pure  hydrogen  gases  are  given  oflT,  and 
butyric  acid  is  produced  (Pelouze  and  Gelis).  Let  us  consider  the 
nature  of  this  new  change. 

Butyric  acid  is  represented  by  Cq  Hs  O4  ;  and  lactic  acid,  as  we  have 
seen*  by  Ce  He  0%  ;  therefore — 

4  of  lactic  acid     .....=  C24  H^  Om  and 
3  of  butyric  acid  .     ^     .    •     .,    =  C24  Hi4  0)2 

Difference     •    .     •     .     «  Oi2 

That  is  to  say,  that  4  of  lactic  acid,  in  owler  to  be  converted  into  3  of 
boiyric  acid,  must  give  ofr.l2  of  oxygen.  But  during  the  fermematicm 
which  accompanies  the  change  no  oxygen  is  giveu  otf.  The  gases 
which  escape  are  carlxmic  acid  and  hydrogen.  The  oxygen  given  oGT 
by  one  portion  of  the  lactic  ackl,  therefore,  must  combine  with  the  ele- 
ments of  another  portion,  and  convert  it  into  these  gases.  Thus  u>— 
li  of  lactic  acid  .  .  =  C9  H9  0» 
Add  12  of  oxygen   .     .    2=  O12 

9  of  carbo-      .      6  of  by-      1     3  of 

—        nic  arid       *•*      dmiren        **  wafer. 

And  we  have  ,    .     .  C9  H9  O21  =  9  C  O2    -f      6H  f   3  HO ;  * 
or,  while  4  atoms  of  lactic  acid  are  conv«*ited  into  3  of  butyric  acid,  1^ 
of  lactic  acid  are  at  the  same  time  converted  into  9  of  carbonic  acid  gas, 
6  of  hydrogRn  gas,  aod  3  of  water.     The  gases  escape  and  cause  the  fer* 
mentation,  while  the  water  remains  in  the  solution,* 

*  1  hMTe  lalcen  fn  the  text  the  tmalleat  ntimbers  by  which  the  gtneral  chaafe  codM  be  r»- 
preaenled  in  Ihe  simiilesl  way.  Arconliog  to  Peloiiite  and  tieli«,  however,  the  hydrofeo 
fiven  off  id  sf  nsibly  oiie-thini  of  the  bu)k  o7  the  carbonic  acid  wiipn  the  butyric  ferinenta> 
ttoo  is  In  its  vticotir.  To  aaiisfy  thia  coiMlitlos,  therefore,  much  higher  numbers  mmte 
taken ;  aueh  hk  the  followtog  :— 

20  of  lartio  acid       ^  Ci-.o  Iltso  Oi^fi  are  conrerted  kito 

15  of  butyric  acid s  Ci-jo  Hi:o  Oeo 

Gtvingoff =  Ow 

And  these  60  of  oxygeu  decompose  6  of  lactic  acid,  as  aboTe  described.    Tbu  to— ' 

6ofl»ctlc C?36M3«»>» 

Add  60  of  oxygen     .    .  '  OuO 

6  of  carbonic  acid  +  12  hTdrogen  +  «•  waf^. 

And  we  have     .    .    Cas  H«  OS«r=36CO*  +  iSfr  +  s«HOi, 

tihare  th«  carbonic  aeld  gaa  to  txactly  ttiree  tfnes  the  bulk  of  the  bydrcvBagaa  produeaA 
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The  oalyric  acM  thus  proihioed  is  a  colourless  transparent  volatile 
liquid,  which  emits  a  niinf;led  odour  of  vinegar  avd  of  rancid  butter* 
To  the  production  and  presence  of  this  acid,  therefore,  in  the  milk  or 
cream  or  in  the  manufactured  hutter,  the  rancidity  of  this  important 
dairy  product  is  panly  to  be  ascribed. 

2<>.  Relation  to  the  fatty  bodies, — It  is  probable  that  in  certain  cir- 
cumstances the  casein  of  milk  is  capable  of  inducing  chemical  change 
in  the  fatty  bodies  as  well  as  in  tlie  su2:ars,  but  this  conjecture  has  not, 
as  yet,  been  verified  by  rigorous  experimental  investigation. 

3°.  Relation  to  fats  and  suqars  mixed, — It  is  known,  however,  to  act 
V  upon  fatty  bodies  when  mixed  with  sugar.  Thus,  if  a  small  quantity 
of  casein  be  added  to  a  solution  of  sugar,  lactic  acid  is  produced  for  a 
certain  length  of  time,  but  it  ceases  to  be  sensibly  formed  before  the 
whole  of  the  sugar  is  transformed  into  this  acid.  If  now  a  quantity  of 
oily  matter  be  added  to  the  mixture,  the  production  of  lactic  acid  will  re- 
commence, and  may  continue  till  all  the  sugar  is  changed.  If  more 
sugar  be  added  by  degrees,  the  formation  of  acid  will  go  on  again,  and, 
after  a  while,  will  cease.  The  introduction  of  a  little  more  oil  will  again 
give  rise  to  the  production  of  acid,  and,  at  length,  the  acid  will  cease  to 
be  formed,  while  both  suo^ar  and  oil  are  present.  The  casein  originally 
added  has  now  prcxluccd  its  full  cflTeot  (Lchmnnn). 

It  appears,  therefore,  that  in  the  presence  of  sugar,  casein  is  capable 
of  chanjs:ing  or  decomposing  the  fatty  bcxlies  also,  and  of  giving  birth  to 
oily  acids  of  various  kinds.  Now,  in  milk,  in  cream,  and  in  butter,  the 
casein  is  mixed  with  the  sugar  of  the  milk  and  the  fats  of  the  butter,  and 
thus  is  in  a  condition  for  changing  at  one  and  the  same  time  both  the 
sugar  into  lactic  or  butyric  acid,  and  the  butter  into  other  acids  of  a 
fatty  kind.  Among  those  latter  into  which  the  butter-oil  is  convertible 
may  probably  be  reckoned  the  capric  and  caproic  acids,  which  are  adll 
more  unpleasant  to  tiie  smell  and  taste  than  the  butyric  acid,  and  whicli 
are  known  to  be  present,  in  rancid  butter. 

§  16.  Of  the  rancidity  and  preservation  of  butter. 

"We  are  now  prepared,  in  some  measure,  to  understand  the  changes 
that  take  place  w^hen  butter  becomes  rancid — and  the  way  in  which  those 
substances  act  which  are  usually  employed  for  preserving  it  in  a  sweet 
and  natiu-al  state. 

1°.  When  butter  becomes  rancid,  there  are  two  substances  which 
change — the  fatty  matters  and  the  milk  sugar  with  which  they  are  mixed. 
There  are  also  two  agencies  by  which  these  changes  are  induced — the 
casein  present  in  butter,  and  the  oxygen  of  die  atmosphere,  rfhe  quantity 
of  casein  or  clieesy  matter  which  butter  usually  contains  ]»  very  8inall« 
but,  as  we  have  seen,  it  is  the  singular  property  of  this  substance  to  in- 
duce chemical  changes  of  a  very  remarkable  kind,  upon  other  compouDd 
bodies,  even  when  mixed  with  them  in  very  minute  quantity. 

2°.  As  it  comes  from  the  cow,  this  substance,  casein,  produces  no 
change  on  the  sugar  or  on  the  fatly  matters  of  the  milk.     But  after  a 

Eraiy  chemist  It  twarp,  Hhwever,  that  in  decomposMIons  of  this  kind,  tt  is  seldom 
that  one  Kinjrle  pnuluci  is  obuiiu'd  .tlone.  Thoiitfii  the  above  formula,  therefore, repreaeola 
truij  how  butyric  acid  mny  be  prmluiMHl  from  lactic  acUl  under  thn  circumstances,  yeC 
other  substances  are  not  uiirrcRiuendy  formed  during  ihe  actual  axpMimeat,  by  which  tiM 
rvsult  is  mora  or  less  compIicaieJ. 
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short  exposure  to  the  air  it  alters  in  some  degree,  and  acquires  the  power 
of  traDsfbrming  milk  sugar  into  lactic  acid.  Hence,  as  we  have  seen,  the 
milk  iiegios  speedily  to  become  sour.  Further  changes  follow,  azidv 
a:nong  other  substances,  butyric  acid  is  formed. 

Id  butter  the  same  changes  take  place.  The  casein  alters  the  sugai 
and  the  fatty  matters,  producing  the  butyric  and  other  acids,  to  which  its 
raocid  taste  and  smell  are  to  be  ascribed. 

In  the  manufacture  of  butter,  therefore,  it  is  of  consequence  to  free  it  as 
r completely  as  possible  from  tlie  curd  and  sugar  of  milk.  This  is  done 
in  some  dairies  by  kueadiog  aud  pressing  only;  in  others,  by  washing 
with  cold  water  as  long  as  Uie  latter  comes  ofi*  milky.  The  washing 
must  be  the  most  effective  method,  and  is  very  generally  recommended 
for  butter  that  is  to  be  eaten  fresh.  In  some  dairies,  however,  ii  is  care- 
fully abstained  from,  in  the  case  of  butler  which  is  to  be  salted  for  long 
keeping. 

There  are  two  circumstances  which,  in  the^  case  of  butter  that  is  lo  be 
kept  for  a  length  of  time,  may  render  it  inexpedient  to  aJopt  the  method 
of  washing.  The  water  may  not  be  of  the  purest  kind,  and  thus  may 
be  fitted  to  promote  the  future  decomposition  of  the  butter.  Sprengel 
Fays  that  the  water  ought  to  contain  as  little  lime  as  possible,  because 
the  butler  retains  the  lime  and  acquires  a  bad  taste  from  it. 

But  the  water  may  also  contain  organic  substances  in  solution — vege- 
table or  animal  matters  not  visible  perhaps,  yet  usually  present  even  in 
spring  water.  These  the  butter  is  sure  to  extract,  ami  they  may  mate- 
rially contribute  to  its  after-decay,  and  to  the  difficulty  of  preserving  it 
from  rancidity. 

Again,  the  washing  with  water  exposes  (he  particles  of  the  butter  to 
the  action  of  the  oxygen  of  the  atmosphere  much  more  than  when  the 
butter  is  merely  well  squeezed.  The  effect  of  this  oxygen,  in  altering 
ciiher  the  fatty  matters  themselves  or  the  small  quantity  cif  casein  which 
rnnains  n^ixed  with  them,  may,  no  doubt,  contribute  lo  render  some  but- 
ters more  susceptible  of  decay. 

3°.  But  the  casein,  after  it  has  been  a  still  longer  time  or  more  fully 
exposed  to  the  air,  undergoes  a  second  alteradon,  by  which  its  tendency 
to  transform  the  substances  with  which  it  may  be  in  contact,  is  consi- 
derably increased.  It  acquires  the  property  also  of  inducing  chemical 
changes  of  another  kind,  and  it  is  not  improbable  that  the  more  un- 
])Ieasant  smelling  capric  and  caproic  acids  may  be  produced  during  this 
period  of  its  action. 

In  the  preservation  of  butter,  therefore,  for  a  length  of  time,  ft  is  of 
indispensable  tiecessitv  that  the  air  should  be  excluded  from  it  as  com- 
pletely as  possible.  In  butter  that  is  to  be  salted  also,  it  is  obvious  that 
tlio  sooner  the  salt  is  applied  and  the  whole  packed  close,  the  better  and 
sweeter  the  butter  is  likely  to  remain. 

4°.  The  action  of  this  cheesy  matter,  and  its  tendency  to  decay,  are 
arrested  or  greatly  retarded  by  the  presence  of  saturated  solutions  of  cer- 
tain saline  and  otner  substances.  Of  this  kind  is  common  salt,  which  is 
most  usually  employed  for  the  purpose  of  preserving  butler.  Salipeiie, 
nlso,  possesses  this  property  in  a  less  degree,  alid  is  said  to  impart  to  the 
butter  an  agreeable  flavour.  A  syrup  or  strong  solution  of  sugar  will 
likewise  prevent  both  meat  and  butter  from  becoming  rancid.     LUte  salt- 
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petrev  bowever,  it  is  seldom  used  alone,  but  it  is  not  uncommon  to  em- 
ploy a  mixture  uf  common  salf,  saltpetre,  and  sugar,  for  the  preservation 
of  butter.  Where  the  butter  has  been  washed,  this  admixture  of  cane- 
sugar  may  supply  the  place  oftli^  milk-sugar  which  the  butter  originally 
contained,  and  may  impart  to  it  a  sweeter  taste. 

The  salt  should  i>e  as  pure  as  possible,  as  free,  at  least,  from  lime  and 
magnesia  as  it  can  be  obtained,  since  these  substances  are  apt  to  give 
it  a  bitter  or  other  disagreeable  taste.  It  is  easy,  however,  to  purify  the 
common  salt  of  the  shops  from  these  impurities  by  pouring  a  couple  of 
quarts  of  boiling  water  u]X)n  a  stone  or  two  of  salt,  stirruig  the  whole 
well  about,  now  and  dien,  for  a  couple  of  hours,  and  aflerwarus  straining 
itthrougli  a  clean  cloth.  The  water  which  runs  through  is  a  saturated 
solution  of  salt,  and  contains  all  the  impurities,  but  may  be  used  for  com- 
mon culinary  purposes  or  may  be  mixed  with  the  food  of  the  cattle. 
The  salt  w}\ic*h  remains  on  the  clotli  is  free  from  the  soluble  salts  of  lime 
and  magnesia,  and  may  be  hung  up  in  the  cloth  dll  it  is  dry  enough  to 
be  used  for  niixlng  with  the  butter  or  with  cheese. 

The  (piantity  of  salt  usually  employed  is  from  ^,^th  to  /^th  part  of  the 
weight  of  the  butter— with  which  it  ought  to  be  well  and  thoroughly  in- 
corporated. The  first  sensible  eifect  of  the  salt  is  to  make  the  butter 
shrink  and  diminish  In  bulk.  It  becomes  more  solid  and  s()ueezes  out  a 
portion  of  the  water — with  which  part  of  the  salt  also  flows  away.  It  is 
not  known  that  the  casein  actually  combines  with  the  salt,  nor,  if  it  did, 
considering  the  very  small  quantity  of  this  substance  which  is  present  in 
butter,  could  much  salt  be  required  for  this  purpose.  But  the  points  to 
attend  to  in  the  salting  of  butter  are  to  take  care  that  all  the  water  which 
remains  in  the  butter  shall  be  fuUy  saturaUd  with  $aU — ^ihat  is  to  say, 
shall  have  dii>solved  as  much  as  it  can  possibly  take  up— and  that  in  no 
part  of  the  butter  shall  there  be  a  particle  of  cneesy  matter  which  is  not 
also  in  contact  with  salt.  If  you  exclude  the  air,  the  presence  of  a  sat- 
urated solution  of  salt  will  not  only  preserve  this  cheesy  matter  from  it- 
self undergoing  decay,  but  will  render  it  unable  also  to  induce  decay  in 
the  sugar  and  fat  which  are  in  contact  with  it.* 

It  is  really  extraordinary  that  such  rigid  precautions  should  be  neces- 
sary to  prevent  the  evil  influence  of  half  a  pound  of  cheesy  matter,  or  less, 
in  a  hundred  pounds  of  butter  (p.  551). 

5°.  Though  the  curd  or  casein  appears  to  be  the  enemy  against  whose 
secret  machinations  the  dairy  farmer  has  chiefly  to  guard,  yet  the  oxygen 
of  the  atmosphere  Is  a  second  agent  bv  which  the  fatty  matters  of  butter 
are  liable  to  be  brought  into  a  state  of  decomposition,  and  the  presence 
of  which,  therefore,  should  be  excluded  as  carefully  as  possible. 

We  have  seen  that  by  the  action  of  oxygen  the  solid  margaric  acid  of 
butter  may  be  changed  into  the  oleic  or  liquid  acid. of  butter  (p.  560.) 

*  Mr  Ballantyne  ihtts  dAserlhes  the  methnrlof  railing  butler  practiaed  at  his  dniry  fnrm  of 
80  cows,  iip'tr  C<1inburi|ch : — '*Ttie  bulier  is  drawn  warm  from  the  chum,  and  il  In  an  Invari- 
able rule  nerer  to  ttftnh  it  or  dip  it  into  tent«r^  wh^n  intended  to  be  tatttd  I'he  da-rymaid 
ptita  It  Into  a  clean  tub,  which  U  previounly  well  rlnwd  with  ciiUl  water,  and  Uicn  wiirica  it 
with  cool  hands  till  all  thn  milk  \a  thnrotishly  squeezml  out.  Half  the  allowed  quantity  of 
•alt  Is  then  added,  and  well  mixed  up  with  the  butter,  and  in  thi«i  atate  it  ia  allowed  lo  stand 
til)  next  morning,  when  It  ia  axain  wmuffht  up,  any  brine  aqueesnd  nut,  Nnd  the  remainder 
of  th*  aait  adtlett.  It  is  then  parked  Into  kita,  which,  when  full,  ahould  be  well  covered  up, 
•nd  placed  In  a  cool  dry  srore— -a  small  quantitv  of  aall  is  usuafly  sprinkled  on  the  surface. 
The  proportJoa  of  salt  used  at  this  dairy  Is  half  a-pouod  lo  Iburteeo  pounds  of  butler."— 
~  rmAqf  AgTieitUun^Ntw  Stnm^voLJ.^f.9L 
«4» 


506  ETiL  xmcT  or  i-hk  aib  vtov  bvttee. 

This  18  thp  fir^^  ''*•^g^"'  "^  fli*^  cIj^'?i)n[ipoil5'on,  \.!.Mi,  when  onre  bcgmi, 
generally  spreads  or  oxiemls  with  in(Tca«>in:;  rapidii >'•• 

Again,  I  have  also  stated  ihat  this  fluid  (oleic)  acid  of  boner  abwrfas 
oxy;^en  with  great  raVidiiy  fmiu  the  aif  (p.  560),  and  changes  rapidly  into 
other  cotn^Nmnds.  This  is  the  second  stage,  and  is  succe^ed  by  othen, 
wliich  it  is  unnecp*-a'y  to  enumerate. 

To  this  acrion  of  ihe  air  is  partly  to  be  ascribed  that  pecoliar  kind  of 
rancidity,  which,  without  penetrating  into  the  interior  of  well  packed 
butter,  is  yet  jxirceptible  on  its  external  surf'ace,  wherever  the  air  has 
come  in  contact  with  it.  A  knowledge  of  this  action  of  the  atniosphetet 
therefore,  urses  strongly  the  necessity  of  closely  incorjwrati ng  and  knead- 
in/T  together  the  butter  in  the  cask  or  firkin — that  no  air  holes  or  u|)eniog8 
for  air  be  left — that  the  ca^k  itself  be  not  only  water-tight  but  air-tight—- 
and  that  it  should  never  be  finally  clo^ef]  till  the  butter  has  shrunk  in  9» 
far  as  it  is  likely  to  do,  and  until  the  vacancies,  which  may  have 
arisen  between  the  butter  and  the  cask,  have  been  carefully  filled  up 
again. 

)  17.  Of  the  natural  and  artificial  curdling  of  mVIc. 

When  milk  is  left  to  itself  for  a  certain  length  of  tifoe  it  becomes  sour 
and  curdles.  The  cui\!  and  whey,  however,  do  not  readily  separate  un- 
less a  gentle  heat  he  applied,  when  the  curd  contracts  in  biilk,  and  either 
squeezes  out  an<l  floats  ujwn  the  whey,  or,  when  cut  into  pieces  or  placed 
in  a  pf  rf«)rarcd  cheese-vat,  allows  the  whey  freely  to  flow  fmm  it.  If 
the  mixed  curd  and  whey  from  the  entire  milk  be  allowed  to  simmer  for 
a  length  of  time?  at  a  sUnv  Hre,  the  burtery  part  will  separate  from  the 
cheese,  and  will  float  on  the  top  in  the  form  of  a  fluid  oil, 

1°.  NUurril  curdling, — The  natural  curdling  of  milk  is  proilured  by 
the  lactic  acid,  which,  as  we  have  seen  (p.  544),  is  always  formed  from 
the  tnilk-s!i;TTr  when  milk  is  allowed  to  siand  for  any  lensfth  of  time  in 
the  air.  It  does  not  curdle  immediately  uix)n  becoming  sour,  lor  a  reason 
which  I  shall  presently  explain. 

2^.  Afiijiriai  curdiiniy. — But  it  is  not  usual  in  the  mamifacture  of 
clioese  to  allow  tlio  milk  to  sour  and  curdle  of  itKown  accord.  The  pro- 
cess is  generally  hastened  by  the  artificial  addition  of  acid,  or  of  some 
snhstance,  surh  as  rennet,  bv  which  the  natural  prwhiction  of  acid  is  ac- 
celeratetl.  Almost  any  aci(f  substance  will  have  the  eflect  of  curdling 
milk.  MunHfic  a'^id  (spirit  of  salt),  diluted  with  wat^'r,  is  said  to  be  ex- 
tensively, thou;2:h  not  universally,  employed  in  Holland  for  this  pur- 
pose,    in  other  countries  vinegar,  (•  tartaric  acid,  lemon  juice,  cream  of 

"  I  do  not  know  wheth«r  h  conv«r#e  elinnc**  I*  ever  ri^rrt^  in  hwiter  hy  lone  ke«>plnf  te 
contHfii  Willi  bnnp — ivIiPtH'^r  li  ever  becomps  very  i»*»n'<ihly  hard'rr.  T.ilh)>ir,  a*  !«  w«ll 
kn'i^vn  to  cintllf'inrtker.'*.  Aiifl  rtjpppiilly  Jo  ^\\^^  mnriiitHi'tiirprd  of  str»:irin  CHiiitl«'i»,  heroine* 
hnril'T  by  ke(*pinir.  in<l'*eii  soiiieiiomic  iii unfit  foru^c  iniiil  it  in  a  y^ar  ultl — rHU'liesi  io  a  ilamp 
pUcH  b»»ro  wo  hinJ  'rhy  k»»^[Mnj[ — .md  in  (allow  th.^t  )i*h  Iain  lonir  in  n  wel  mine  fi»e  nily  p«rt 
njn  b»«fn  found  nuiinly  chane''<i  »'•'»)  'be  polld  lal  of  t.illow  (U»»otz)  A  iiiniilar  chaii^f*, 
lh«»r»M  r*»,  \i  not  Imp  )'««ibU»  nnr  i no x^»licab^•  in  butter  al-**)— only  if  it  ever  do  Uke  place,  we 
■houM  HX|i«ci  the  rha  i^**)!  builer  to  bo  le<>a  solid  and  denve  than  berure. 

t  "  T  I  c-1  izniAte  n  c-^y'a  of  milk  wt*  a«l<l  a  cynihut  offlwopi  vinenr"  (nioacorHl*^).  MiUl 
Is  aUo  nirdb^d  bv  anient  spiritii,  by  Ihe  julrc  u(  the  6k.  and  by  a  •Irrortinn  of 4be  fliivrers  of 
|b«*  artichoke,  ofibe  wiiili>  and  yellow  tMd'Mraw  (ffotiutn),  and  oKbe  erowfiiul  (ftmwncute* 
JLammtdn  and  Unettfay  The  Tuscan  ewA-chAene  is  ciintlcd  with  the  juice  of  the  /mk^  or 
widi  a  dococtifiu  «*f  the  dried  flowers  of  Die  wild  ihi«:le,  or  with  tbe  flowera  of  the  eniclaolDe. 
whlcb  gives  a  cheeee  of  floer  colour  and  \mm  iHiogeot  taflte. 
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tartar,  and  nn\t  cr«*orrel  hnvp  hwon  orca^ionally  ii«ed,  and  in  Swifzerhind 
— «sj»e'!i:iUy  in  ilio  liKuuiiaciare  of  the  schubzits^tr  cheese — it  is  cua- 
tomary  to  add  merely  a  little  sour  milk  for  the  purpose  of  producing  the 
curd. 

3**.  Chemical  action  of  the  acid,^-Bnt  how  does  the  acid  act  in  causing 
the  milk  to  curdle,  and  why  is  it  necessary  to  allow  a  little  time  to 
elapse  and  to  apply  also  a  gentle  heat  before  the  curd  will  completely 
separate? 

In  regard  to  casein  or  tlie  cheesy  matter  of  milk,  we  have  seen  (p. 
6G1)— 

a.  That  though  nearly  insoluble  in  pure  water,  it  dissolves  readily  in 
water  containing  in  solution  a  small  quantity  of  fiotash  or  soda,  either  in 
the  caustic  or  carbonated  state.  In  other  words  the  casein,  which  is  an 
acid  substance,  unites  chemically  with  the  potash  or  the  soda,  and  forms 
a  compound  which  is  soluble  in  water. 

b.  That  when  an  acid  is  ad<led  to  this  solution,  it  takes  the  potash  or 
soda  from  the  casein  and  combines  with  it,  leaving  the  curd  again  in  its 
original  insoluble  state,  and  causing  it,  therefore,  to  separate  from  the 
water.  • 

Now  In  milk,  as  it  comes  from  the  cow,  the  casein  is  in  chemical 
combination  with  a  small  quantity  of  soda,  by  which  it  is  rendered  so- 
luble in  the  water  of  which  the  milk  chiefly  consists.  When  the  milk 
stands  for  a  time  in  the  air,  the  suaar  of  milk,  as  we  have  seen,  is  trans- 
formed into  lactic  acid — this  arid  talves  the  soda  from  the  casein,  and 
forms  lactate  of  soda,  and  the  cheesy  matter,  in  conse<|uenre,  being  itself 
insoluble  in  water,  separates  in  the  form  of  curd.  The  application  of  a 
gentle  heat  acts  in  two  ways.  It  aids  the  acid  in  more  completely  taking 
the  soda  from  the  casein,  and  causes  the  latter  at  the  same  time  to 
shrink  in,  to  become  less  bulky,  and  thus  to  separate  readily  from  the 
whey. 

If  we  add  an  acid  artificially  to  milk,  the  e^ecx  is  exactly  the  same. 
Either  muriatic  acid,  or  tartaric  acid,  or  vinegar,  or  sour  milk,  will,  in  the 
same  way,  take  the  soda  from  the  casein,  and  render  it  insoluble.  And 
that  this  is  the  true  action  is  readily  proved  bv  adding  a  little  soda  to 
curdled  milk,  when  the  curd  will  be  re-dissolveci,  and  the  milk  will  be- 
come sweet.  Add  acid  \o  it  now,  or  let  it  sour  naturally  a  second  time, 
and  the  curd  will  again  be  separated. 

The  action  of  rennet  is  in  some  degree  different,  though  no  less  simple 
and  beautiful.  Let  us  first,  however,  consider  what  rennet  is,  and  how 
it  is  prepared. 

§  18.  Of  the  preparation  of  rennet. 

Rennet  is  prepared  from  the  salted  stomach  or  intestines  of  the  suck- 
ling calf,  the  unweaned  Iamb,  tlie  youni;  kid,  or  the  young  pig.*  In 
general,  however,  the  stomach  of  the  calf  is  preferred,  and  there  are 
various  ways  of  curing  and  pre^ervin?  it. 

1°.  Preparing  the  stomach. — Tiie  stomach  of  the  newly  killed  animal 
contains  a  quantity  of  curd  derived  trom  the  milk  on  which  it  has  been 
fed.     In  most  districts  (Switzerland,  Gloucester,  Cheshire)  it  is  usual  to 

*  Dried  pi^'a  blnid<^rU  ofloQ  employed  Instead  of  the  dried  kid's  stomacbforeardlinf  tht 
goal's  niiUc  on  Mom  Dor. 
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remoTe  by  a  gentle  washing  the  card  and  slimy  matters  wluch  are  pie-^ 
sent  in  the  stomach,  as  they  are  supposed  to  impart  a  strong  taste  to  the 
clioese.  In  Cheshire  the  curd  is  frequently  salted  separately  for  imme- 
diate use.  In  Ayrshire  and  Limburg,  on  the  other  hand,  the  cord  is 
always  left  in  the  stomach  and  salted  along  with  it.  Some  even  give 
tlie  calf  a  copious  draught  of  milk  shortly  be&re  it  is  killed,  in  order  that 
the  stomach  may  contain  a  larger  (|uantity  of  the  valnable  curd. 

2°.  Salting  Iht  stomach, — In  the  mode  of  salting  the  stomach  similar 
differences  prevail.  Some  merely  put  a  few  handfuls  of  salt  into  and 
around  it,  then  roll  it  together,  and  hang  it  near  the  chimney  to  diy. 
Others  salt  it  in  a  pickle  for  a  few  days,  and  then  hang  it  up  to  d^ 
(Gloucester),  while  others  again  (Cheshire)  pack  several  of  them  in 
layers  with  much  salt  both  within  and  without,  and  preserve  tliem  in  a 
cool  place  till  the  cheese-making  season  of  the  following  year.  They 
arc  then  taken  out,  drained  from  the  brine,  spread  upon  a  table,  sprinkled 
with  salt  which  is  rolled  in  with  a  wooden  roller,  and  then  hung  up  to 
dry.  In  some  foreign  countries,  again,  the  recent  stomach  is  minced  very 
^ine,  mixed  with  some  spoonfuls  of  salt  and  bread-crumb  into  a  paste, 
])ut  into  a  bladder,  and  then  dried.  In  Loiflbardy  the  stomach,  after 
being  salted  and  dried,  is  minced  and  mixed  up  with  salt,  pepper,  and  a 
little  whey  or  water  into  a  paste,  which  is  preserved  for  use.  [Cattaneoi 
II  latte  e  i  suoi  prodotti,  p.  204.1 

In  whatever  way  the  stomacn  or  intestine  of  the  calf  is  prepared  and 
preserved,  the  almodt  universal  opinion  seems  to  be,  that  it  should  be 
kept  for  10  or  12  months  before  it  is  capable  of  yielding  tiie  best  and 
strongest  rennet.  If  newer  than  12  months,  the  rennet  is  thought  in 
Gloucestershire  **  to  make  the  cheeses  heave  or  swell,  and  become  full 
of  eyes  or  holes.**  [British  Husbandry,  ii.,  p.  420.] 

3°.  Making  the  renneL-^ln  making  the  rennet  different  customs  also 
prevail.  In  some  districts,  as  in  Cheshire,  a  bit  of  the  dried  stomach  is 
put  into  half  a  pint  of  lukewaim  water  with  as  much  salt  as  will  lie 
upon  a  shilling,  is  allowed  to  stand  over  night,  and  in  the  morning  the 
infusion  is  poured  into  ihe  milk.  For  a  cheese  of  GOlbs.  weight,  a  piece 
of  the  size  of  half-a-crown  will  often  be  sutficient,  tliough  of  some  skins 
as  much  as  10  square  inches  are  required  to  produce  the  same  effect  [Dr. 
Holland.] 

It  is  perhaps  more  common,  however,  to  take  the  entire  stomach 
{dried-maws,  vtUs^  reeds,  or  yiming*  they  are  often  called),  and  to  pour 
upon  them  from  one  to  three  quarts  of  water  for  eacli  stomach,  and  to 
allow  them  to  infuse  for  several  days.  If  only  one  has  been  infused,  and 
the  rennet  is  intended  for  immediate  use,  the  infusion  requires  only  to  be 
skimnied  and  strained.  But  if  several  maw- skins  be  infused— or,  as  is 
the  custom  in  Cheshire,  as  many,  as  have  been  provided  for  the  whole 
season-— about  two  quarts  of  water  are  taken  for  each,  and,  af>er  stand- 
ing not  more  than  two  days,  the  infusion  is  poured  off,  and  is  completely 
saturated  with  salt.  During  the  summer  it  is  constantly  skimmed,  and 
fresh  salt  added  from  time  to  time.     Or  a  strong  brine  may  at  once 

*  In  Northomberluid  (he  dried  stomach  ia  aometiniM  called  the  Iretim,  which  la  CTldentlf 
the  German  kd»»-lab.  cheeae-renneL  Loppert  and  lamert,  applied  iii  Northumberland  and 
the  Weat  of  Seotlana  raapeeUvely  to  sour,  curdled  Biuk,  is  derived  finom  the  same  < 
loft^  rennet,  or  laftar,  to  roenilale 
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be  poured  npon  the  skins,  and  the  infusion,  when  the  skins  are  taken 
out,  may  be  kept  for  a  length  of  time.  Some  even  recommend  that 
the  liquid  rennet  should  not  be  used  until  it  is  at  least  two  months  old. 
When  thus  kept,  however,  it  is  indispensable  that  the  water  should  be 
fully  saturated  with  salt. 

In  Ayrshire,  and  in  some  other  counties,  it  is  customary  to  cut  the 
dried  stomach  into  small  pieces,  and  to  put  it,  with  a  handful  or  two  of 
salt  and  one  or  two  quarts  of  water,  into  a  jar,  to  allow  it  to  stand  for  two 
or  three  days,  afterwards  to  pour  upon  it  another  pint  for  a  couple  of  days, 
to  mix  the  two  decoctions,  and,  when  strained,  to  bottle  the  whole  for 
future  use.     In  this  state  it  may  be  kept  for  many  months.* 

In  all  the  methods  above  described,  the  exhausted  skins  are  thrown 
away.  Where  they  are  cut  into  pieces,  as  in  Cheshire  and  Ayrshire,' 
they  cannot  of  course  be  put  to  any  second  use,  but  where  they  are  steeped 
whole,  there  is  every  reason  to  believe  that  they  might  be  used  with  al- 
most equal  advantage  a  second  or  even  a  third  time.  Accordingly,  it 
has  long  been'  the  custom  in  the  north  of  England  to  re-sall  the  stomach 
after  it  has  been  once  steeped,  and  when  long  dried,  as  before,  to  use  it 
a  second  and  even  a  third  time  for  the  preparation  of  rennet.  When  we 
explain  the  mode  in  which  rennet  acts,  you  will  see  that  the  same  skin 
may,  with  good  reason,  be  expected  to  yield  a  gotxl  rennet,  after  being 
salted  again  and  again  for  an  indefinite  number  of  times. 

In  making  rennet,  some  use  pure  water  only,  others  prefer  clear  whey, 
others  a  decoction  of  leaves — such  as  those  of  the  swcetbriar,  the  dog- 
rose,  and  the  bramble — or  of  aromatic  herbs  and  flowers,  while  others, 
again,  put  in  lemons,  cloves,  mace,  or  brandy.  These  various  practices 
are  adopted  for  the  purpose  of  making  the  rennet  keep  better,  of  lessen- 
ing its  unpleasant  smell,  of  preventing  any  unpleasant  taste  it  might 
give  to  the  curd,  or  finally  of  directly  improving  the  flavour  of  the  cheese. 
The  acidity  of  the  lemon  will,  no  doubt,  increase  also  the  coagulating 
jx)wer  of  any  rennet  to  which  it  may  be  added. 

4°.  How  the  rennet  ts  wed.-^The  rennet  thus  prepared  is  poured  into 
the  milk  previously  raised  to  the  temperature  of  90°  or  95°  F.,  and  is 
intimately  mixed  with  it.  The  quantity  which  it  is  netiessary  to  add 
varies  with  the  quality  of  the  rennet — from  a  table-spoonful  to  half  a 
pint  for  30  or  40  gallons  of  milk.  The  time  necessary  for  the  complete 
&jLu\g  of  the  curd  varies  also  from  15  minutes  to  an  hour  or  even  an  hour 
and  a  half.  The  chief  causes  of  this  variation  are  the  temperature  of  the 
milk,  and  the  quality  and  quantity  of  the  rennet  employed. 

But  how  does  the  rennet  act  in  causing  this  coagulation?  Before 
we  can  answer  this  question  it  is  necessary  to  enquire  what  rennet 
really  is. 

§  19.  Theory  of  Vie  artion  of  rennet. 

It^has  been  stated,  and  hitherto  almost  generally  received,  that  the  only 
eflective  substance  contained  in  rennet  is  the  gastric  juice  derived  from 
the  stomach  of  the  calf.     To  this  persuasion  is,  no  doubt,  to  be  ascribed 

*  ▲  table-tpoonful  of  this  rennet,  arcordinv  to  Mr.  Alton,  will  eoamilate  30  xMllona  ormlllr, 
and  will  curdle  it  in  Ave  or  ten  miuurefi,  wliereae  the  English  rennet  reqmrr^s  from  one  to 
tbr—  houn.  This  superiority  he  asrribes  to  the  costom  of  leariait  the  eunUad  milk  la  tte 
He  dsaissalso  Hut  this  milk  givM  aaj  barsb  tasta  to  tha  cbaaaa. 
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ihp  ni'stom  both  of  preserving  the  natural  contents  of  the  s*onnfirb— and 
of  generally  throwing  away  tlie  bag  after  being  once  sailed,  dried,  and 
extracted.  The  gastric  juice  which  exudes  from  the  interior  surface  of 
the  stomachs  of  all  animals  is  known  to  curdle  milk  readily,  and,  there- 
fore, it  was  natural  to  ascribe  the  action  of  rennet  to  the  presence  of  this 
substance,  and  to  infer  that,  oeing  once  extracted,  it  was  in  vain  to  ex- 
pect much  advantage  from  salting  and  infusing  the  membrane  a  second 
time.     But  the  three  facta — 

a.  That  in  most  places  it  is  customary  to  wash  the  interior  of  the 
stomach  before  saltin^r  it,  and  thus  to  remove  the  greater  part  of  the  gas- 
tric juice  it  may  contain  ; 

b.  That  besides,  in  many  places,  the  hags  are  laid  up  in  brine  for 
weeks  and  months,  and  are  then  drained  out  of  this  brine  before  tliey  are 
dried— by  which  any  gastric  juice  remaining  must  be  almost  entirely  re- 
moved,— and 

c.  That  after  being  dried  and  steeped  once  for  the  preparation  of  ren- 
net, experience  has  proved  that  they  may  again  be  salted  and  used  over 
again; 

—these  three  facts,  I- think,  shew  that  the  effijcacy  of  rennet  does  not  de- 
pend upon  any  thing  originally  contained  in  Uie  stomadh^  but  upon 
something  derived  from  the  substance  of  the  stomach  itself. 

Now  when  considering  the  properties  of  milk-sugar  and  of  lactic  acid, 
I  have  stated'^hat  if  a  piece  of  the  fresh  membrane  of  the  stomach  or  in- 
testine, or  even  of  the  bladder  of  an  animal,  be  exposed  to  the  air  for  a 
few  days,  and  be  then  immersed  into  a  solution  of  milk-sugar,  it  will 
gradually  transform  the  sugar  into  lactic  acid.  Iji  milk  this  membrane 
would  produce  a  similar  effect,  aiding  and  hastening  the  natural  souring 
and  curdling;  effect  of  the  casein.  By  exposure  to  the  air,  the  surface  of 
the  membrane  has  undergone  such  a  degree  of  change  or  decomposition, 
as  enables  it  to  induce, the  elements  of  the  sugar  to  alter  their  mutual 
arrangement,  and  to  unite  together  in  such  a  way  as  to  form  lactic  acid. 

If  the  moist  membrane  be  exposed  for  a  longer  time  to  the  air  this 
change  of  its  surface  will  penetrate  deeper,  and  it  will  become  moretpf- 
fective  in  inducing  the  transformation  of  the  sugar  into  lactic  acid.  But, 
at  the  same  time,  a  portion  of  its  surface  may  run  into  a  state  of  putre- 
faction, and  besides  acquiring  a  disagreeable  odour  may  become  capable 
also  of  bringing  on  fermentation  and  putrefactive  decay  in  the  solutions 
upon  whicli  it  may  be  made  to  act.  It  is  not  expedient,  therefore,  to  at- 
tempt to  heighten  the  transforming  effect  of  animal  membranes  by 
exposing  them  for  a  greater  lengtli  of  time  to  the  air  in  a  moist  and  fresh 
state. 

But  if  the  membrane  be  salted,  and  thus  preserved  from  the  rapid 
action  of  the  air,  it  will  be  protected  from  putrefaction  in  a  great  dcgrw, 
while,  at  the  same  time,  it  will  undergo  that  gradual  change  upon  its 
surface  to  which  its  power  of  transforming  solutions  of  sugar  is  ascribed. 
And  this  change  will  be  materially  hastencfl  and  increased  and  made  to 
penetrate  deeper,  if  the  salted  membrane  be  subsequentlv  dried  slowly 
in  the  air  by  a  gentle  heat,  and  be  afterwards  kept  for  a  length  of  time 
where  the  air  has  more  or  less  ready  access  to  it.  Such  is.  the  mode  of 
treatment  to  which  the  calPs  stomach  is  subjected  for  the  preparation  of 
rennet,  and  it  is  an  important  practical  observation  that  the  membrane^ 
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shonlf^  1)C  hppf.  at  l^ast  12  months,  if  it  is  to  acquire  vcr}*-  poTrerfiil 
cnaguiatinjz  properties- 
It  is  necessary  further  to  remind  you  that  when  malt  is  steeped  in 
water  for  a  few  minutes,  a  substance,  named  diastase,  is  extracted  from 
it,  which  possesses  the  remarkable  property  of  changing  starch  into 
sugar  in  a  very  short  time,  and  in  large  quantity  (p.  119).  Now  if  this 
diastase  be  exposed  to  the  air  for  a  length  of  time,'it  undergoes  a  change 
similar  to  that  experienced  by  the  surtace  of  animal  membranes,  and 
acquires  the  property  of  transforming  sugar  into  lactic  acid.  After  un- 
dergoing this  change  it  still  dissolves  readily  in  water,  and  ^  a  solution 
of  it  be  poured  into  oue  of  sui^ar,  the  transformation  of  the  latter  into  lactic 
acid  grailually  proceeds.  There  exist,  therefore,  substances  soluble  in 
water,  which  possess  the  same  power  as  slightly  decayed  but  insoluble 
animal  membrane,  of  converting  sugar  into  lactic  acid. 

During  the  protracted  drying  and  decay  of  the  salted  stomach,  the 
chanore  undergone  at  length  by  the  surface  of  the  membrane  is  such  as  to 
pro<iuce  a  (|uantity  of  matter  capable  of  dissolmng  in  water,  and  which 
also  possesses  the  property  of  quickly  converting  the  sugar  into  the  acid 
of  milk.  This  matter,  water  extracts  from  the  dried  skin,  and  it  forms 
the  active  ingredient  in  rennet. 

I  need  not  funher  explain  to  you  upon  what  this  activity  depends-^ 
since  as  you  already  know  any  thing  which  will  rapidly  change  sugar 
into  lactic  acid,  will  also,  if  gently  warmed,  rapidly  curdle  milk  (p. 
667). 

Thus  the  action  of  rennet  resolves  itself  simply  into  a  curdling  of  milk 
by  the  action  of  its  own  acid.  It  is  the  same  thing  as  when  sour  milk 
•in  Switzerland  is  at  once  mixed  with  that  from  which  the  cheese  is  to  be 
made ;  or  it  is  only  a  more  speedy  way  of  bringing  about  the  curdling 
that  takes  place  when  milk  sours  naturally  and  is  then  gendy  warmed 
till  the  curd  separates. 

But  how,  it  may  be  asked,  is  the  coagulation  effected  so  much  more 
rapidly  by  the  action  of  rennet  than  when  the  milk  is  left  to  sour  of  its 
own  accord  ?  It  is  because  the  whole  of  the  animal  matter  in  the  reunet 
is  already  in  the  stare  in  which  it  easily  transforms  the  sugar  into  acid, 
and  being  intimately  mixed  with  the  whole  milk  in  a  warm  state,  it  pn>- 
duccs  acid  near  every  particle  of  the  cheesy  matter.  From  this 
cheesy  matter  the  acid  formed  takes  away  the  soda  that  holds  it  in  solu- 
tion, and  thus  renders  it  insoluble  or  curdles  the  milk.  In  milk,  on  the 
dther  hand,  which  is  left  to  sour  and  curdle  of  itself,  the  casein  must  first 
be  changed  by  the  action  of  the  air  before  it  can  transform  the  sugar  and 
pnxluce  acid.  This  change  takes  place  more  or  less  slowly,  and  chiefly 
at  the  surface  of  the  milk  where  it  is  in  contact  with  the  air.  The  sour- 
ing, therefore,  must  also  proceed  slowly,  and  the  curdling  of  wliich  it  is 
the  cause. 

It  is  no  objection  to  this  explanation  of  the  action  of  rennet,  that  neither 
the  milk  nor  the  whey  become  sensibly  sour  during  the  separation  of  the 
curd.  The  acid,  as  it  is  produced,  combines  directly  with  the  soda  pre- 
viously united  to  the  curd,  and  renders  the  latipr  insoluble-.^ while,  if 
any  excess  of  acid  do  happen  to  be  formed,  it  is  in  great  part  taken  np 
and  retained  mechanically  by  the  curd,  and  thus  is  not  afterwards  sen* 
•ibly  perceived  in  the  whey. 
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Using  tke  same  skin  a  second  ttntf.— If  this  then  be  a  true  expb 
of  the  ax;tioa  of  rennet — If  the  coa^lating  ingredient  in  it  be  merely  a 
portion  of  the  changed  membrane  of  the  stomach  itself — it  is  obvious  that 
the  bag,  alter  being  once  used,  may  be  again  salted  and  dried  i^ith  ad- 
▼anrage.  The  slow  decay  may,  after  a  second  salting,  become  still 
8lo-<ver,  and  thus  it  may  require  to  be  longer  kept  after  the  second  than 
after  the  first  salting,  before  it  will  give  a  rennet  a^  powerful  as  that 
which  was  first  extracted  from  it.  But  ^nless  it  be  merely  tlie  inner 
membrane  of  the  stomach  and  intestines  which  is  capable  of  undergoing 
that  kind  of  change  upon  which  the  coagulating  power  depends,  there  is 
tio  apparent  reason,  as  I  have  already  sta*ed  to  you,  why  the  same 
,  mato-  skin  may  not  be  salted,  dried,  and  stee))ed  many  times  over. 

Use  of  whey. — Again,  iu  the  making  of  rennet  there  seems  some  pro- 
priety ill  the  u-ie  of  whey  rather  than  of  water.  The  whey  may  contain 
a  portion  of  the  rennet  which  had  been  added  to  the  milk  fn>m  which 
it  was  extracted,  and  may  thus  be  able  of  itself  to  curdle  milk.  It  is 
sure  also  to  contain  sotne  milk-sugar,  which,  being  changed  into  acid 
wiien  the  whey  i.")  poured  upon  the  dried  stomach,  will  add  to  the  coe^- 
ularing  power  of  the  rennet  obtained. 

Use  of  the  curdled  milk  contained  in  the  stomacA.— Docs  the  view  w« 
have  taken  of  the  action  of  rennet  throw  any  light  upon  the  use  fjlf  the 
curdled  milk  found  in  the  stomach?  Is  it  of  any  service,  or  ought  it  to 
be  rejected? 

We  are  certain  that  it  must  be  of  service  in  coagulating  milk,  since  in 
Cheshire,  according  to  Dr.  Holland,  it  is  frequendy  taken  out  and  salted 
by  itself  for  immediate  use.  But  a  slight  consideration  of  the  properties 
of  casein,  as  I  have  alrea'ly  stated  them  to  you  (p.  562),  will  explain 
why  this  curdy  matter  should  be  serviceable  for  such  a  purpase. 

You  will  recollect  that  casein,  after  being  exposed  to  tlie  air  for  a  slwrt 
time,  acquires,  like  animal  membranes^  the  property  of  convening  sugar 
into  lantic  acid  (p.  562),  and  of  curdling  milk.  Now  the  curdy  matter 
takeu  from  tiie  stomach  of  the  calf,  afler  being  exposed  to  the  air,  ac- 
quires this  property  as  completely  as  a  more  pure  curd  will  do.  If  salted 
and  kept,  it  will  be  changed  still  further,  and  will  acquire  this  profierty 
in  a  greater  degree.  In  short,  keeping  will  aHect  the  curd  prec-i^y  in 
the  8ame  way  as  it  does  the  membrane  of  the  stomach  itseli',  and  will 
renil'^r  it  alike  fit  to  be  employed  in  the  preparation  of  rennet.  Nor  is 
it  unlikely  that  fresh  well-8(]ueezed  curtl,  if  mixed  with  much  salt  and 
kept  in  sU^htly  covered  jars  for  10  or  12  months,  might  yield  a  rennet 
po?».ses9ed  of  good  coagulating  pro^>erties. 

It  thus  appears  that,  so  far  as  economy  is  concerned,  the  cnr^ly  matter 
contained  in  the  calPs  stomach  ought  to  be  preserved  and  salted  for  use. 
If  in  any  district  this  curd  be  suspected  to  impart  an  unpleasant  flavour 
to  the  chpe«»G,  this  bad  etfect  may  probably  be  remedied  by  taking  it  out 
v^  the  stomach,  washing  it  well  vriih  water — as  is  done  in  some  dairy 
districts— mixing  it  with  salt,  and  then  returning  it  into  the  stomach 
again. 

Another  practical  conclusion  may  also  be  drawn  from  this  explanation 
of  the  action  of  the  stomach.  Since  it  is  the  membrane  alone  tliat  actSi 
there  can  no  loss  accrue  by  carefully  washing  the  stomach  as  well  as 
tha  curd  it  contains.    On  the  contrary,  by  so  doing  we  may  remove 
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from  its  inner  surface  some  substances  which,  if  allowed  to  remain,  might 
afterwards  act  injuriously  upon  the  flavour  or  upon  the  other  qualities  of 
the  cheese. 

§  20.  Of  the  circumstances  by  which  the  qiudity  of  cheese  is  affected. 

All  cheese  consists  essentially  of  the  curd  mixed  with  a  certain  por- 
tion of  the  fatty  matter  and  of  the  sugar  of  milk.  But  differences  in  the 
quality  of  the  milk,  in  the  proportions  in  which  the  several  constituents 
of  milk  are  mixed  together,  or  in  the  general  mode  of  dairy  manage- 
ment, ^ve  rise  to  varieties  of  cheese  almost  without  number.  Nearly 
every  dairy  district  produces  oise  or  more  qualities  of  cheese  peculiar  to 
itself.  It  will  not  be  without  interest  to  attend  briefly  to  some  of  these 
causes  of  diversity. 

1®.  Natural  differences  in  the  milk. — It  is  obvious  that  whatever  givep 
rise  to  natural  differences  in  the  quality  of  the  milk  must  affect  also  that 
of  the  cheese  prepared  from  it.  If  the  milk  be  poor  in  butter,  so  must 
the  cheese  be.  If  the  pasture  be  such  as  to  fiive  a  milk  rich  in  cream, 
the  cheese  will  partake  of  the  same  quality.  If  the  herbage  or  other  food 
affect  the  taste  of  the  milk  or  cream,  it  will  also  modify  the  flavour  of  the 
cheese. 

2°.  Milk  of  different  animals. — So  the  milk  of  difTerent  animals 
will  give  cheese  of  unlike  qualities.  The  ewe-milk  cheeses  of  Tuscany, 
Naples,  and  Languedoc,  and  those  of  goat's  milk  made  on  Mont  Dor 
and  cl<^where,  are  celebrated  for  qualities  which  are  not  possessed  by 
cheeses  prepared  from  cow's  milk  in  a  similar  way.  Buffalo  milk  also 
gives  a  cheese  of  peculiar  (qualities,  which  ia  manufactured  in  some  parts 
of  the  Neapolitan  territory. 

Other  kiniis  of  cheese  agam  are  made  from  lilixtnresof  the  milk  of  dif- 
ferent animals.  Thus  the  strong  tasted  cheese  of  Lecca  and  the  cele- 
brated Rfx]uefort  cheese  are  prepared  from  mixtures  of  goat  with  ewe- 
milk,  an'l  the  cheese  of  Mont  Cenis*  from  both  of  these  mixed  with  the 
milk  of  the  cow.f 

3°.  Creamed  or  unereamed  miW:.— 5till  further  differences  are  pro- 
duced according  to  the  proportion  of  croam  which  is  left  In  or  is  added  to 
the  milk.  Thus  if  cream  only  be  employed,  we  have  the  rich  cream- 
cheese  which  must  be  eaten  in  a  comparatively  recent  state.  Or,  if  the 
cream  of  the  previous  night's  milking  be  added  to  the  new  milk  of  the 
morning,  we  may  have  such  cheese  as  the  Stilton  of  England,  or  the 
small.  sv>fl,  and  rich  Brie  cheeses,  so  much  esteemed  in  France.  If  the 
entire  milk  only  be  used,  we  have  such  cheeses  as  the  Cheshire,  the 
Double  Gloucester,  the  Cheddar,  the  Wiltshire,  and  the  Dunhp  cheeses 
of  Britain,  the  Kinnegad  cheese,  I  believe,  of  Ireland,  and  the  Goudaaod 
Edam  cheeses  of  Holland.  Even  here,  however,  it  makes  a  diflerence 
whether  the  warm  milk  from  the  cow  is  curdled  alone,  as  at  Gouda  and 
Edam,  or  whether  it  is  mixed  with  the  milk  of  the  evening  before,  as  is 
generzdly  done  in  Cheshire  and  Ayrshire.  Many  persons  are  of  opin- 
ion that  cream,  which  has  once  been  separated,  can  never  be  so  well 

*  LecM  U  a  prortnce  iq  tha  Siutam  pait  of  th«  Neapolitan  territory ;  Roquorort,  a  town 
In  the  paato»l  departhi'^nt  of  Weiron,  io  Uie  Sooth  of  France,  famed  for  its  aheep;  ao<t 
Mont  Cenia,  a  mountain  in  Savoy. 

t  The  mUk  of  Sgoata  la  mixed  with  Cbat  of  90 sheep  sad  6  cows. 
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mixed  again  with  the  milk,  that  a  portion  of  the  fatty  matter  shall  nor 
flow  out  with  tlie  whey  and  render  tlie  cheese  less  rif.h. 

If,  again,  tlie  cream  of  the  evening's  milk  be  removed,  and  the  skim- 
med milk  added  to  the  new  milk  of  the  next  morning,  such  chee^<3  as 
tlie  Single  Gloucester  are  obtained.  If  the  cream  be  taken  once  from 
all  the  milk,  the  better  kinds  of  skiinmed-miik  cheese,  such  as  the  Dutch 
cheese  of  Ley  den,  are  prepared— wliile  if  the  milk  be  twice  skimmed, 
we  have  the  p(X)rer  chee^^es  of  Friesland  and  Groningen.  If  skimmed 
for  three  or  four  days  in  succession,  we  get  tjie  liard  and  horny  cheeees 
of  Essex  and  Sussex,  which  often  require  tlie  axe  to  break  them  up. 

4°.  Butter-milk  cheeac-^Bixt  poor  or  butierle^s  cheese  will  alio  differ 
in  quality  according  to  die  state  of  the  milk  from  which  it  is  extracted. 
If  the  new  rnilk  be  allowed  to  stand  to  throw  up  its  cream,  and  this  be 
then  removed  in  the  usual  way,  the  ordinary  skimmed-milk  cheese  will 
be  obtained  by  adding  rennet  to  the  milk.  "But  if,  instead  of  skimming, 
we  allow  the  milk  to  stand  till  it  begins  to  sour,  and  then  remove  the 
butter  by  churning  the  whole,  we  obtain  the  milk  in  a  sour  state  {butter- 
milk).  From  this  milk  the  curd  separates  naturally  hv  gentle  heating. 
But  being  thus  prepared  from  sour  milk  and  without  the  use  of  rennet, 
butter-milk  cheese  diHers  more  or  less  in  quality  from  that  which  is  made 
from  sweet  skimmed  milk. 

The  acid  in  the  buiter-milk,  especially  after  it  has  stood  a  day  or  two, 
is  capable  of  coagulating  new  milk  also,  and  tha%^  by  mixing  more  or 
less  sweet  milk  with  the  butter-milk  before  it  is  warmed,  several  other 
Qualities  of  mixed  butter  and  sweet  milk  cheese  may  readily  be  manu- 
tacttfred. 

If,  as  is  stated  by  Mr.  Ballantyne,  the  churning  of  tlie  whole  milk 
gives  butter  in  larger  quantity,  of  better  quality,  and  more  uniformly 
throughout  the  whole  year  (p.  656),  the  manufacture  of  these  butter-milk 
cheeses  is  deserving  of  the  attention  of  dairy  farmers,  especially  in  those 
districts  where  butter  is  considered  as  the  most  imixirtanl  produce. 

6°.  Wliey-cheese, — The  whey  which  separates  from  the  curd,  and 
especially  the  white  whey,  which  is  pressed  out  towards  the  last,  contains 
a  portbn  of  curd,  and  not  unfrequently  a  considerable  quantity  of  butter 
also.  When  the  whey  is  heated,  the  curd  and  butter  ris^e  to  llie  surface, 
and  are  readily  skimmed  off.  This  curd  alone  will  often  yield  a  cheese 
of  excellent  quality,  and  go  rich  in  butter,  that  a  very  good  imitation  of 
Stilton  cheeee  may  sometimes  be  made  with  alternate  layers  of  new 
milk-cunl  and  this  curd  of  whey. 

6°.  Mixtures  of  vegetable  substances  wiQi  the  milk. — New  varieties 
of  cheese  are  formed  by  mixing  vegetable  substances  with  the  curd.  A 
green  decoction  of  two  parts  of  sago-leaves,  one  of  marigold,  and  a  little 
|>arsley,  gives  its  colour  to  the  green  cheese  of  Will  shire ;  f-ome  even  mix 
up  the  entire  leaves  with  the  curd.  The  celebrated  Schabzieger  cheese 
of  Switzerland  is  made  by  crushing  the  skim- milk  cheese  afler  it  is  se-  . 
veral  months  old  to  fine  powder  in  a  mill,  mixing  it  then  with  one-tenth 
of  its  weight  of  fine  salt  and  one-twentieth  of  the  powdered  leaves  of  the 
mellilot  trefoil  {trifoUum  melilotvs  cerulea),  and  afterwards  with  oil  or 
butter — working  the  whole  into  a  psiste,  which  is  pressed  and  carefully 
driod. 

Potato  cheesest  a»  they  are  called,  are  made  in  various  ways.    One 
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pound  of  sour  milk  is  mixed  with  five  pounds  of  boiled  potatoes  and  a 
little  salt,  and  the  whole  is  beat  into  a  pulp,  which,  after  standing  five  or 
six  days,  is  worked  up  again,  and  then  dried  in  the  usual  way.  Others 
mix  three  parts  of  dried  boiled  potatoes  with  two  of  fresh  curd,  or  equal 
•weights,  or  more  curd  than  potato  according  to  the  ()uality  re(]uired. 
Such  cheeses  are  made  in  Thuringia,  in  Saxony,  and  in  other  parts  of 
Germany.  In  Savoy,  an  excellent  cheese  is  made  by  mixing  one  of  the 
pulp  of  potatoes  with  three  of  ewe  milk  curd,  and  in  Westphalia  a  po- 
tato cheese  is  made  with  skimmed  milk.  This  Wesiphalian  cheese, 
while  in  the  pasty  state,  is  allowed  to  undergo  a  certain  extent  of  fer- 
mentation before  it  is  finally  worked  up  with  butter  and  salt,  made  into 
shapes  and  dried.  The  extent  to  which  this  fermentation  is  permitted  to 
go  determines  the  flavour  of  the  cheese. 

§  21.  Circumatances  under  which  cheese  of  different  qualities  may  he 
obtained  from  the  same  milk. 

But  from  the  same  milk,  in  the  same  state,  difTerent  kinds  or  qualities 
of  cheese  may  be  prepared  according  to  the  way  in  which  the  milk  or 
the  curd  is  treated.  Let  us  consider  also  a  few  of  the  circumstances  by 
which  this  result  may  l>e  brought  about. 

1®.  Temperature  to  which  the  miUc  is  heated, — The  temperature  of  new 
or  entire  milk,  when  the  rennet  is  added,  should  be  raised  to  about  95^  F. 
-«-that  of  skimmed  milk  need  not  be  quite  so  high.  If  the  milk  be 
warmer  the  curd  is  bard  and  tough,  if  colder,  it  is  soft  and  ditficult  to  ob- 
tain free  from  the  whey.  When  the  former  happens  to  be  the  case,  a 
portion  of  the  first  whey  that  sepaiates  may  be  taken  out  into  another 
vessel,  allowed  to  cool,  and  then  poured  in  again.  If  it  prove  to  have 
been  too  cold,  hot  milk  or  water  may  be  added  to  it— or  a  vessel  contain- 
ing, hot  \jrater  may  be  put  into  it  before  the  cunlling  commences— or  the 
first  portion  of  whey  that  separates  may  be  heated  and  poured  again 
upon  the  curd.  The  quality  of  the  cheese,  however,  will  always  be 
more  or  less  affected  when  it  happens  to  be  necessary  to  adopt  any  of 
these  remedies.  To  make  the  best  cheese,  the  true  temperature  should 
always  bs  attained  as  nearly  as  possible,  before  the  rennet  is  added. 

2^.  Motle  in  which  the  milk  is  warmed. — If,  as  Ls  the  case  in  some 
dairies,  the  milk  be  warmed  in  an  iron  pot  upon  the  naked  fire,  great  care 
must  be  taken  that  it  is  not  singed  or  jire'/anged.  A  very  slight  inat- 
tention may  cause  this  to  be  the  case,  and  the  taste  of  the  cheese  is  snre 
to  be  more  or  less  affected  by  it.  In  Cheshire  the  milk  is  put  into  a  large 
tin  pail,  which  is  plunged  into  a  boiler  of  hot  water,  and  frequently  stir- 
red till  it  is  raised  to  the  proper  temperature.  In  large  dairy  establish- 
ments, however, the  safest  method  is  to  have  a  pot  with  a  double  ))ottom, 
consisting  of  one  pot  within  another — after  the  maimer  of  a  glue-pot — the 
space  between  the  two  being  filled  with  water.  The  fire  applied  be- 
neath thus  acts  only  upon  the  water,  and  can  never,  by  any  ordinary 
neglect,  do  injury  to  the  milk.  It  is  desirable  in  this  heatm,?,  not  to  raise 
the  temperature  hisrher  than  is  necessary,  as  a  great  heat  is  apt  to  give 
an  oiliness  to  the  fatty  matter  of  the  milk. 

3°.  The  time  during  which  the  curd  stands  is  alv)  of  importance.  It 
ahoi'ld  be  broken  up  as  soon  as  the  milk  is  fully  coagulated.  The  longer 
it  ataodt  after  this  the  harder  and  tougher  it  will  b<^me. 
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4°.  7^  qtudity  of  the  rennet  is  of  much  importance  not  only  in  regvd 
to  the  certainty  ot'the  coagulatioD,  but  aLso  to  the  flavour  of  the  cheete. 
In  some  paruof  Cheshire,  sa  we  have  seen,  it  is  usual  to  take  a  piece 
of  the  dried  membrane  and  steep  it  overnight  with  a  little  salt  for  tbs 
ensuing  morning's  milk.  It  is  thus  sure  to  be  fresh  and  sweet  if  thB 
dried  mau7.be  in  good  preservation.  But  where  it  is  custoaiary  to  steep 
several  skins  at  a  time,  aod  to  bottle  the  rennet  for  after-use,  it  is  veiy 
necessary  to  saturate  the  solution  completely  with  salt  and  to  season  it 
with  spices,  in  order  that  it  may  be  preserved  in  a  sweet  and  whole;oiDe 
state.  In  some  parts  of  Scotland  the  rennet  is  said  to  be  frequently  kefiC 
in  bottles  till  it  is  almost  putrid,  and  in  this  state  is  still  put  into  the  miU« 
Such  rennet  may  not  only  impart  a  bad  taste  to  the  cheese,  but  is  likely 
also  to  reader  it  more  ditfi(;ult  to  cure  and  to  bring  on  putrefactioo  after- 
wards and  a  premature  decay. 

5^.  The  quantity  of  rennet  added  ought  to  be  regulated  as  carefully 
as  the  temperature  of  tlie  milk.  Too  much  renders  the  curd  tough ;  too 
little  cf  uses  the  loss  of  much  time,  and  may  permit  a  larger  portion  of 
the  butter  to  separate  itself  from  the  curd,  it  is  to  be  expected  also  thit 
when  rennet  is  used  in  great  excess,  a  portion  of  it  will  reoiain  in  the 
curd,  and  will  naturally  atfect  the  kind  and  rapidity  of  the  changes  it 
afterwards  undergoes.  Thus  it  is  said  to  cause  the  cheese  to  heave  or 
swell  out  from  fermentation.  It  is  probable  also  that  it  will  afiect  the 
flavour  which  the  cheese  acquires  by  keeping.  Thus  it  may  be  that  the 
agreeable  or  unpleasant  taste  of  the  cheeses  of  certain  districts  or  dailies 
xiiav  be  less  due  to  the  quality  of  the  pastures  or  of  the  milk  itself,  than 
to  the  quantity  of  rennet  with  which  it  has  there  been  customary  to  co- 
agulate the  milk.  / 

6°.  The  toay  in  tDhich  the  rennet  is  made^  no  less  than  its  state  of  pre- 
servation and  the  quantity  employed,  may  also  influence  the  flavour  cr 
other  qualities  of  the  cheese.  For  instance,  in  the  manufacture  of  a 
celebrated  French  cheese — that  of  Epoisse— ^he  rennet  is  prepared  as  Al- 
lows:—Four  fresh  calf-skins,  with  the  curd  they  contain,  are  weU 
washed  in  water,  chopped  into  small  pieces,  and  digested  in  a  mixtnie 
of  5  quarts  of  brandy  with  15  of  water,  adding  at  the  same  tyne  2|  lbs. 
of  salt,  half  an  ounce  of  black  pepper,  and  a  quarter  of  an  ounce  each 
of  cloves  and  fennel  seeds.  At  the  end  of  six  weeks  the  liquor  is  Altered 
and  preserved  in  well  corked  bottles,  while  the  membrane  is  put  into  salt- 
water to  form  a  new  portion  of  rennet.  For  making  rich  cheeses,  the 
rennet  should  always  be  filtered  clear.  [II  latte  e  i  suoi  prudotti,  p.  274.] 

Again,  on  Mont  Dor,  the  rennet  is  made  with  white  wine  and  vinegar. 
An  ounce  of  common  salt  is  dissolved  in  a  mixture  of  half  a  pint  of 
vinegar  with  2|  pints  pf  white  wine,  and  in  this  solution  a  prepared 
^at's  stomach  or  a  piece  of  dried  pig's  bladder  is  steeped  for  a  length  of 
time.  A  single  spoonful  of  tliis  rennet  is  said  to  be  suflicient  for  45  or 
50  quarts  of  milk.  No  doubt  the  acid  of  the  vinegar  and  of  the  wine  aid 
the  coagulating  power  derived  from  the  membrane. 

Rennets  prepared  in  the  above  ways  must  aflect  the  flavour  of  the 
cheese  differently  from  such  as  are  obtained  by  the  several  more  or  lees 
careful  methods  usually  adopted  in  this  country. 

7^.  When  acids  are  used  alone — as  vinegar,  tartaric  acid,  and  muria- 
te acid  sometimes  ar»--for  coagulating  £e  milk,  the  flavour  of  tbt 
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elieese  can  tcarcely  fail  to  be  in  some  measure  difierent  from  that  which 
ia  prepared  with  ordiDary  rennet. 

6^.  The  way  in  tokich  the  curd  is  treated* — It  is  usoal  in  our  best 
cheese  districts  carefully  and  slowly  to  separate  the  curd  from  the  whey— 
not  to  hasten  the  separation,  lest  a  larger  portion  of  the  fatty  matter  should 
be  squeezed  oni  of  the  curd  and  the  cheese  should  thus  be  rendered  poorer 
than  usual.  But  in  some  places  the  practice  prevails  of  washing  the 
'curd  with  hot  water  after  the  whey  has  been  partially  separated  fnim  it. 

Thus  at  Gouda  in  Holland,  after  the  greater  part  of  the  whey  has  been 
gradually  removed,  a  quantity  of  hot  water  is  added,  and  allowed  to  re- 
main upon  it  for  at  least  a  quarter  of  an  hour.  The  heat  makes  the 
cheese  more  solid  and  causes  it  to  keep  better. 

In  Italy,  again,  the  so-called  pear-shaped  caceio-^avallo  cheeses  and 
the  rouiid  paUoni  cheeses  of  Gravina,  m  the  Neapolitan  territory,  are 
made  from  curd,  whicUjEifter  being  scalded  with  boiling  whey,  is  cut  into 
alices,  kneaded  in  boiling  wtiter,  worked  with  the  hand  till  it  is  perfectly 
tenacious  and  elastic,  and  then  made  into  shapes.  The  water  in  which 
the  curd  is  washed,  after  standing  24  hours,  throws  up  much  oily  mat- 
ter, which  is  skimmed  off  and  made  into  butter. 

The  varieties  of  cheese  prepared  by  these  methods  no  doubt  derive  the 
peculiar  characters  upon  which  tlieir  reputation  depends  from  the  treat- 
ment to  which  the  curd  is  subjected-^but  it  is  obvious  that  none  of  them 
can  be  so  rich  as  a  cheese  from  the  same  milk  would  be,  if  manufactured 
in  a  Cheshire,  a  Wiltshire,  or  an  Ayrshire  dairy. 

9^.  The  separation  of  the  fohey  is  a  part  of  the  process  upon  which  the 
quality  of  the  cheese  m  a  considerable  degree  depends.  In  Cheshire 
more  time  and  attention  is  devoted  to  the  perfect  extraction  of  the  whey 
than  in  almost  any  other  district.  Indeed,  when  it  is  considered  that  the 
whey  contains  sugar  and  lactic  acid,  which  may  undergo  decomposition, 
and  a  quantity  of  rennet  which  may  bring  on  fermentation — by  both  of 
which  processes  the  flavour  of  the  cheeses  must  be  considerably  alTected 
-—it  will  appear  of  great  importance  iliat  the  whey  should  be  as  com- 
pletely removed  from  the  cunl  as  it  can  possibly'  be.  To  aid  in  effecting 
this  a  curd-mill,  for  chopping  it  fine  after  the  whey  is  strained  off,  is  in 
use  in  many  of  the  large  English  dairies,  and  a  very  ingenious,  and  I 
believe  effectual,  pneumatic  cheese- press  for  sucking  out  the  whey  was 
invented  by  the  late  Sir  John  Robinson,  of  Edinburgh.  [Transactions 
and  Prize  Essays  of  the  Highland  Society,  vol.  x.,  p.  204.] 

But  the  way  in  which  tlie  whey  is  separated  is  not  a  matter  of  indif- 
ference, and  has  much  influence  upon  the  quality  of  the  cheese.  Thus 
in  Norfolk,  according  to  Marshall,  when  the  cunf  is  fairly  set,  the  dairy- 
maid bares  her  arm,  plunges  it  into  the  curd,  and  with  the  help  of  her 
wooden  ladle  breaks  up  minutely  and  intimately  mixes  the  curd  with  the 
whey.  This  she  does  for  10  or  15  minutes,  auer  which  the  curd  is  al- 
lowed to  subside,  and  the  whey  is  drawn  off.  By  this  agitation 
the  whey  must  carry  ofl"  more  of  the  butter  and  the  cheese  must  be 
poorer. 

In  Cheshire  and  Ayrshire,  again,  the  curd  is  cut  with  a  knife,  but  is 
gently  used  and  slowly  pressed  dll  it  is  dry  enough  to  be  chopped  tine,  and 
Sius  more  of  the  oily  matter  is  retained.  On  the  same  principle,  in  making 
the  Stilton  cheese,  the  cuxd  is  not  cut  or  broken  at  all,  but  ia  ] 
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gently  and  with  care  till  the  whey  gradoally  drains  oat.  Thus  the  batter 
and  the  curd  remain  intermixed,  and  the  rich  cheese  of  Sitlton  istheiesate. 

Thus  you  will  see  that  while  it  is  of  im}iortance  that  all  the  whey 
sliould  be  extracted  from  the  card,  yet  that  tlie  cjuickest  way  may  no*  he 
the  best.  More  time  and  care  most  be  bestowed  in  order  to  etfecc  this 
object,  the  richer  the  cheese  we  wish  to  obtain.  You  will  see,  also,  how 
the  quality  of  the  milk  or  of  the  pastures  may  oilen  be  blamed  for  de- 
ficiencies  in  the  rielmess  or  other  qualities  oC  our  cheese,  which  are 
in  reality  due  to  slight  but  material  ditlerences  in  our  mode  of  maoufac- 
turin^  it. 

10^.  The  kind  of  sail  used  is  considered  by  manv  to  have  some  e(ftA 
upon  the  tasie  of  the  cheese.  Thus  the  cheese  of  6erom6,  in  the  Vos- 
ges,  is  supposed  to  derive  a  fieculiar  taste  from  the  Lorena  salt  with 
which  it  is  cured.  In  Hollan<l,  also,  the  etKcacy  of  one  kind  of  sah 
over  another  for  the  curing  of  cheese  is  generally  acknowledgeil,  [British 
Husbandry,  ii.,  p.  424.]  It  is  indeed  not  unlikely  that  tlie  more  or  less 
impure  salts  o\'  ditferent  localities  may  affect  the  flavour  of  the  cbe<e9e, 
but  wherever  the  salt  may  be  manufactared,  it  is  easy  to  obtain  it  in  a 
uniform  and  tolerably  pure  state,  by  the  simple  process  of  puri6caiioo, 
which  I  have  already  described  to  you  (p.  b6b,\ 

11^.  The  mode  in  which  the  salt  is  applim^'^ln  making  the  large 
Cheshire  chee^^es  the  dried  curd,  for  a  single  cheese  of  60  lbs.,  is  broken 
down  Bne  and  divided  into  three  ef]ual  portions.  One  of  the^ie  is 
mingled  with  double  the  quantity  of  salt  added  to  the  otlicrs,  and  this 
is  so  put  into  the  clieese-vat  as  to  form  the  central  part  (}f  the  cheese. 
By  this  precaution  the  after-Malting  on  the  surface  is  sure  to  penetrate 
deep  enough  to  cure  effectually  the  less  salted  parts.  In  the  counties  of 
Gloucester  and  Som«rset  the  curd  is  pressed  without  salt,  and  the  cheese, 
when  formed,  is  made  to  absorb  the  whole  of  the  salt  afterwards  throush 
its  surface.  This  is  found  to  answer  well  witli  the  small  and  thin 
cheeses  inatle  in  these  counties,  but  were  it  a<loptp<l  for  the  large  cheeses 
of  Cheshire  and  Dunlop,  or  even  for  the  pinc-np pie  cheeses  of  Wiltshire, 
there  can  be  no  doubt  that  their  quality  would  frefjucntly  be  injured.  It 
may  not  be  impossible  to  cause  salt  to  penetrate  into  the  very  heart  of  a 
large  cheese,  but  it  cannot  be  easy  in  this  way  to  salt  the  whole  cheese 
er^ually,  while  the  care  and  attention  required  must  be  greatly  increased. 

12**.  Addition  of  cream  or  butler  to  the.  c«r(/.— Another  mode  of  im- 
proving the  (luality  of  cheesti  is  by  the  adiliiion  of  cream  or  butter  to  the 
dried  and  crumbled  curd.  Much  dilisjence,  however,  is  required  fully 
to  incorporate  these,  so  that  the  cheese  may  be  uniform  throughout.  Still 
this  practice  gives  a  peculiar  character  to  the  cheeses  of  certain  districts. 
In  Italy  they  make  a  cheese  after  the  manner  of  the  Ens^lish,  [11  latte  e  i 
suoi  prodoiti,  p.  277],  into  which  a  con8i<lerable  quantity  of  butter  is 
worked;  and  the  Redeem  cheese  of  Belgium  is  made  by  adding  half  an 
ounce  of  butter  and  the  yoke  of  an  e,!]rg  to  every  pound  of  pressed  curd. 

13°.  The  colouring  matter  add^  to  the.  cheese  is  thonght  by  many  to 
affect  its  (luality.  In  foreirrn  countries  saflron  is  very  generally  used  to 
give  a  colour  to  the  milk  before  it  is  coagulated.  In  Holland  and  in 
Cheshire  annaUo  is  most  commonly  em))loyed,  while  in  other  dis- 
tricts the  marigold  or  the  carrot,  boiled  in  railk,  are  the  usoal  aolooring 


MODS  or  cuMire  tbb  cbxeik.  -679 

The  quantity  of  annatto  employed  10  comparatively  smail-^less  than 
jnalf  an  ounce  to  a  cheese  of  60  Ibs.^-but  even  this  quantity  is  considered 
by  many  to  be  an  injurious  admixture,  tlence  a  native  of  Cheshire 
prefers  the  uacoloured  cheese,  the  annatio  being  added  to  such  only  as 
are  intended  fi)r  the  London  or  other  distant  markets. 

14^.  Size  of  the  cheese. — From  the  same  milk  it  is  obvious  that  cheeses 
of  ditierent  sizes,  if  treated  in  the  same  way,  will  at  the  end  of  a  given 
number  of  month*  pos^^ess  qualities  in  a  considerable  degree  different. 
Hence,  without  supposing  any  inferiority,  either  in  the  milk  or  in  the  ge- 
neral m'^Ie  of  treatment,  the  size  usually  adopted  for  tlie  cheeses  of  a 
particular  district  or  dairy,  may  be  the  cause  of  a  recognized  inferiority 
in  soins  quality  which  it  is  desirable  that  they  should  possess  in  a  high 
degree. 

15^.  The  method  of  curmi^  has  very  much  influence  upon  the  after- 
qualities  of  the  cheese.  The  care  with  which  they  are  salted — the 
warmth  of  the  place  in  which  they  are  kept  during  the  first  two  or  three 
weeks — ^the  temperature  and  closeness  of^  the  cheese-room  in  which  they 
are  afterwards  preserved— the  frequency  of  turning,  of  cleaning  from 
mould,  and  of  rubbing  with  butter— all  these  circumstances  exercise  a 
remarkable  iiifluence  upon  the  after-qualities  of  the  cheese.  Indeed,  in 
very  many  instances  the  high  reputation  of  a  particular  dairy  district  or 
dairy  farm  is  derived  from  some  special  attention  to  one  or  other  or  to  all 
of  tnc  apparently  minor  points  to  which  I  have  just  adverted. 

In  Tuscany,  the  cheeses,  after  being  hung  up  for  some  time  at  a  proper 
distance  from  the  fire,  are  put  to  ripen  in  an  underground  cool  and  damp 
cellar;  and  the  celebrated  French  cheeses  of  Rofjuefort  are  supposed  to 
owe  much  of  the  peculiar  estimation  in  wliich  they  are  held,  to  the  cool 
and  uniform  temperature  of  the  subterranean  caverns  in  which  the 
inhabitants  of  the  villaaje  have  long  been  accustomeJ  to  preserve  them. 

In  R'jsshire  it  is  said  to  be  the  custom  with  some  pmprietors  to  bury 
their  cheeses  under  the  sea  sand  at  low  water,  and  that  the  action  of 
the  sea- water  in  this  situation  renders  them  more  juicy  and  of  an  exqubite 
flavour. 

16®.  Anmoniaeal  c^e#<!.— The  influence  of  the  mode  of  curing  upon 
the  quality  is  shown  very  strikingly  in  the  small  ammoniacal  cheeses  of 
Brie,  which  are  very  much  esteemed  in  Paris.  They  are  soft  unpressed 
cheeses,  which  are  allowed  to  ripen  in  a  room  the  temperature  of  which 
is  kept  between  60®  and  70°  F.  till  they  begin  to  undergo  the  putrefac- 
tive fermentation  and^emit  an  ammoniacal  odour.  They  are  ge- 
nerally unctuous,  and  sometimes  so  small  as  not  to  weigh  more  than  an 
ounce. 

A  little  consideration^  indeed,  will  satisfy  you,  that  by  varying  the 
mode  of  curin;^,  and  especially  the  temperature  at  which  they  are  kept, 
you  may  produce  an  almost  endless  di\^rsity  in  the  quality  of  the  cheeses 
you  bring  into  the  market. 

IT**.  Inoculating  c^^estf.— It  is  said  that  a  cheese,  possessed  of  no 
very  striking  taste  of  its  own,  may  be  inoculated  with  any  flavour  we 
apj>n>ve  of,  by  putting  into  it  with  a  scoop  a  small  portion  of  the  clieese 
which  we  are  desirous  that  it  should  be  made  to  resemble.  Of  course 
this  can  apply  ouly  to  cheeses  otherwise  of  equal  richness,  for  we  could 
«earcely  expect  to  giv  9r  ain^  Qloocosav  the  flavour  of  a  Stikoiw 
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Vy  merely  putting  into  it  a  small  poitioii  of  a  rich  and  esteemed  Stilbm 
cheese. 

^22,  Of  the  average  quantity  of  cheese  yielded  by  different  varieties  of 
miUc^  and  of  the  produce  of  a  single  cmo. 
There  appear  to  be  very  great  differences  in  the  proportions  of  cheeie 
yielded  by  milk  at  different  seasons  and  in  different  loealities. 

In  milk,  of  an  average  quality,  there  are  contained  from  4  to  5  percent, 
of  casein  or  dry  cheesy  matter  (p.  534^,  which,  if  all  extracted,  would  give— 
6  lbs.  to  7  lbs.  of  skimmed  milk  cheese,  or  )  from  100  lbs.  of 
9  lbs.  to  10  lbs.  of  entire  milk  cheese,  \  milk. 

This  is  very  nearly  the  proportion  actually  obtained  in  some  of  the 
best  dairy  districts  in  the  summer  season,     Thns^ 

In  Ayrshire — 10  lbs.  of  milk,  or  }  gave  1  lb.  of  whole  milk 
1  imperial  gallon,  \  cheese  ; 

or  136  wine  quarts  gave  1274  lbs.  of  cheese  three'  months  old.* 

In  Gloucester-^!  lbs.  of  milk,  or  )  gave  1  lb.  of  double 
34  wine  quarts,      {  Gloucester  ; 

this  is  a  much  larger  proportion,  and  i»  probably  much  above  the  average 
of  the  county. 
In  Holstein,  it  is  said  that  100  lbs.  of  milk  will  give  about — 

New  skimmed  milk  cheese 6  lbs. 

Butter        3i  " 

Butter-milk 14    ** 

Whey 76J  " 

100  lbs. 

But  this  statement  is  so  far  indefinite  that  it  affords  us  no  means  of 
judging  how  much  curd  is  led  in  the  butter- milk,  nor  how  much  water 
was  present  in  die  new  cheese.  Indeed,  most  of  the  statements  on  recoxd 
are  deficient  in  this  respect,  that  the  dryness  of  the  cheese  is  not  accu- 
rately expressed. 

In   Cheshire^  the  average  produce  of  a  cow  is  reckoned  at  360  lbs.  of 
whole  milk  cheese,  or  about  1  lb.  per  day  for  the  whole  year.     Taking 
8  wine  quarts  of  milk  as  die  average  daily  yield  of  a  cow  in  that  county, 
we  have  as  the  average  produce  of  the  milk  the  whole  year  through — 
1  lb.  of  cheese  from  8  wine  quarts,  or  16  lbs.  of  milk. 

It  is  inrleed  undoubted,  that  the  proportion  of  cheese  varies  very 
mtich  unth  (he  season  of  the  year  and  with  the  dryness  of  the  iceather. 
Though,  therefore,  in  summer  7  or  8  lbs.  of  milk  may  sometimes  yield 
a  poiitid  of  cheese,  it  is  oossible  that  as  much  as  20  lbs.  of  milk  may  at 
otner  s-^asons  be  required  to  give  the  sam&  quantity.     Thus  in — 

Soutti  Holland^  the  summer  produce  of  a  cow  is  reckoned  at  about  200 
lbs.  of  skimmed  milk  cheese,  anc^O  lbs.  of  butter ;  or  in  a  week  10  lbs. 
of  ski.iimed  milk  cheese,  and  4  to  7  lbs.  of  butter.  Of  whole  milk 
cheese  some  expect  as  much  as^or  \  Ihs,  a  day. 

*  Mr.  Alexander,  of  Boaihbar.  Informe  u«  that  the  remit  of  his  uperieoca  with  a  daily 
of  40  cows  in  the  higher  part  or  Arrshire,  Dear  Muirkirk,  Is,  thai — 

90  imperial  quarts  of  sweet  mitk  rive  an  Avmhire  stone  of  24  lbs.  of  Ml  mUk  rhesM^ 
while  tlie  same  quaotitj  of  skim  mils  gives  only  16  lbs.  of  akimmed  milk  cbsast.  That  to 
vsnr  nearly— 

9  lbs.  of  new  mOk  give  1  lb.  of  ftill  milk  cbe«se. 

U  Ibik  of  ikimmllkfiT*  1  lb.  of  dtlm-nHk «ht«M 


r  dtlm-nHk  «htM«  <mo  p.  Ofy 
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In  Switzerland f  generally,  a  cow,  dving  12  quarts  of  milk  a  day  will, 
duririg  the  dumnier,  yield  a  daily  produce  of  ij  ttia^of  wkiole  or  fidl  milk 
cheese^-or  XOj  quarts  of  milk,  about  21  lbs.,  will  give  a  pound  of  cheese. 

In  the  high  poiitures  of  Scaria,  again,  in  the  aame  eouuCry,  one  cow 
will  give  for  the  90  days  of  summer  about  60  lbs.  of  skiaiiiied-*milk 
«beese  and  40  lbs.  of  butter— or  11  ounces  of  cbeese  psr  day. 

It  ap|)ear9,  therefore,  as  we  should  otherwise  expect,  that  the  average 
produce  of  cheese  is  affected  by  many  circumstances  but  that  in  this 
country  8  to  10  lbs.  of  good  milk,  in  the  summer  seasoa,  will  yield  one 
pound  of  whole  milk  cheese. 

§  23.  Cf  the  fermented  liquor  from  mUk,  and  if  wiiXk  xinegar, 
Mltk  Is  capable  of  undergoing  what  is  called  tbs  viabastementation, 
and  6f  yielding  an  intoxicating  liquor.  The  Tartars .  prepare  such  a 
liquor  from  rnare^s  milk,  to  which  the  nameof  ibnimus  is  given.  When 
made  from  cow's  milk  it  is  called  airin^  and  is  less  esteemed  because 
generally  of  a  weaker  quality. '  The  Arabians  and  Turks  prepare  a  si* 
tnilar  liquor,  which  the  former  call  leban^  and  the  latter  yaoarl.  In  the 
Orkney  Islands,  and  in  some  parts  of  the  north  of  Scodand  and  Ireland, 
butter-milk  is  sometimes  kept  till  it  undergoes  the  vinanS  fennentation, 
and  acquires  intrncicating  qualities. 

It  is  the  sugar  contained  in  milk  which,  by  thefermentatioD,  is  changed 
into  alcohol.  As  mare's  milk,  like  that  of  the  ass,  oootains  more  sugar 
{p.  534)  than  that  of  the  cow,  it  gives  a  stronger  liquor,  and  is  therefore 
naturally  preferred  by  the  Tartars.  Bv  distillation  ardent  spirits  are  ob- 
tained from  koumiss,  and  when  carefully  made  in  dose  vessels,  a  pint  of 
the  liquor  will  yield  half  an  ounce  of  spird.  The  kaumu  vt  prepared  in 
the  following  ^manner: 

'  To  the  new  milk,  diluted  with  a  sixth  of  its  bulk  of  water,  a  quantity 
of  rennet,  or  what  is  better,  of  sour  koumiss*  is  added,  and  the  whole  is 
covered  up  in  a  warm  place  for  24  houm.  It  is  then  seined  or  churned 
together  till  the  curd  and  whey  are  intimately  mixed,  aad  is  again  left 
at  rest  for  24  hours.  At  the  end  of  this  time  it  is  put  into  a  tafi  vessel, 
and  agitated  till  it  becomes  perfe^ly  homogeneous.  It  has  now  an  agree- 
able sourish  taste,  and  in  a  cool  place  may  be  jMeserved  for  several 
nlonths  in  close  vessels.  I(  is  always  shaken  up  bsR»fa  it  is  drunk.  This 
liquor,  from  the  cheese  and  butter  it  contains,  is  a  nourishtog  as  well  as 
an  exhilarating  drink,  aad  is  not  followed  by  the  usual  bad  effects  of  in- 
toxicadng  liquors.  It  is  even  recommended  as  a  whalesome  article  of 
diet  in  cases  of  dyspepsia  or  of  general  debility. 

Milk  vinegar.^'lf  the  koumiss  be  kept  in  a  warm  place  Ae  spirit  dis- 
appears and  vinegar  is  formed.  In  some  parts  of  Italy  a  milk  vinegai^ 
of  pleasant  Quality  is  prepared  by  adding  hooey,  sugar,  spirit,  and  a  lit- 
tle yeast  to  the.  bpiled  whey,  and  setting  the  mature  aside  to  ferment  in 
a  warm  place.    [II  latte  e  i  suoi  prodotd,  pp.  415  and  450.] 

§  24.  C^  ^  compotitian  of  the  saline  constitu€nU  ^msUc 
When  milk  is  boiled  down  to  dryness,  and  the  dry  residue  biumed,  a 
small  quantity  of  ash  remains  behind.      The  proportiaB  which  the 


weignt  of  this  ash  bears  to  that  of  the  whole  milk  is  variable— as  the 
qaalities  of  the  milk  itself  are-«so  that  1000  Iks.  will  UM  sometimes 
ft5 
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only  2  lbs.,  at  others  as  much  as  7  lbs.  of  ash.  This  ash  oonasts  of  t 
mixture  of  oommon  salt  and  chloride  of  potassiom  (p.  188) »  with  the 
phosphates  of  lime,  magnesia,  and  iron.  The  relative  propordnos  of 
these  seyeral  subaUmces  yielded  b^  1000  lbs.  of  the  milk  of  two  dif- 
ferent cows,  were  as  follows  [Haidlen,  AnnaL  der  Chem.  and  Phar., 
xiv.,  p.  273] : 

I.  II. 

Phosphate  of  lime 2-31  lbs.  3-44  lbs. 

Phosphate  of  magneaia    .     .     .     0-42    "  0*64     '* 

Phosphate  of  peroxide  of  iron      .     0-07     "  007     ** 

Chloride  of  potassium  ....     1*44    «•  1'83    «* 

Chloride  of  sodium 0-24    **  0-34    '« 

Free  soda 0-42    **  0-46    '* 

4-90     ♦*  6-77     •* 

It  is  probable  that  the  phosphates  and  chlorides  existed  as  such  in  the 
milk  as  it  came  from  the  cow,  the  free  soda  is  believed  to  have  been  in 
combination  with  the  casein,  and  to  have  held  it  in  solution  in  the  milk. 
You  will  recollect  that  the  explanation  I  have  given  of  the  cnidliDg  of 
milk  is,  that  the  acid  produced  in,  or  added  to,  the  milk,  takes  this  soda 
from  the  casein,  and  renders  it  insoluble  in  water,  and  that  in  conse- 
quence it  separates  in  the  form  of  curd  (see  p.  566). 

§  25.  Purposes  served  by  milk  in  the  animal  economy. 

Milk  is  the  food  provided  for  the  young  animal,  at  a  period  when  it  ii 
upable  to  seek  food  for  itself.     It  consists,  as  we  have  seen,  of^ 

1°.  The  casein  or  curd. — This  being  almost  identical  in  oonstitutioa 
with  the  lean  part  or  Jibrin  of  the  muscles  serves  to  promote  the  grofwth 
of  the  flesh  of  the  animal. 

2^.  llu  fat  or  butter^  which  is  mainly  expended  in  supplying  &t  to 
those  parts  of  the  body  in  which  fat  is  usually  deposited. 

3°.  The  sugar,  which  is  probably  consumed  by  the  lungs  during  re- 
spiratioq,  t 

4^.  The  saline  tnatter,  from  which  come  the  salts  contained  in  the 
blood,  and  the  earthy  part  of  the  bones  of  young  and  growing  animny 
fed  upon  milk. 

These  several  purposes  served  by  milk  will  come  again  under  our 
eonsideiation  in  the  following  lecture. 


NOTES. 

1^.  On  ike  ckuming  of  butter  in  the  French  chum. 

Mr.  Burnett,  of  Gadgirth,  has  favoured  me  with  the  following  infor- 
mation regarding  the  merits  of  the  French  chnm  mentioned  In  page 
555:^ 

**  I  see  you  make  mention,  in  page  555  of  your  Lectures,  of  a  cbam 
lately  introduced  by  Mr.  Blacker  from  France.  I  got  one  of  these  from 
Mr.  Blacker  about  two  .years  ago,  and  have  proved  its  merits  to  be  very 
groat.    I  use  none  else,  and  Imve  been  the  means  of  distributing  it  over 
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different  parts  of  England  and  Scotland.  It  is  made  of  tin;  of  a  iMrrel 
ahape,  and  is  placed  in  a  trourh  of  water,  heated  or  otherwise,  to  convev 
the  proper  temperature  to  the  cream.  I  have  tried  many  expert 
ments  to  ascertain  the  proper  temperature  for  churning  cream  in 
this  chum,  and  have  found  that  58°  F.  produces  the  best  quality  of  but- 
ter in  the  shortest  time— the  time  occupied  being  from  ten  to  twenty 
minutes.  At  60°  it  was  often  done  in  five  to  sevien  minutes,  and  although 
a  little  soft  aifint,  produced  buuer'of  a  eood  colour  and  quality— on  no 
occasion  was  it  ever  white.  I  also  tried  56°  F.  It  took  generally  one 
hour,  was  harder,  but  no  better  in  quality  thism  that  of  58°. 

**  With  regard  to  the  quantity  of  butter  from  a  given  quantity  c^crtam^ 
I  found  that  in  July,  when  the  cows  were  on  good  pasture,  and  occasion- 
ally house-fed  on  clover^ 

16  quarts  of  cream  produced    .     IS  lbs.    8  oz. 

24      do.        do.  do.  .     16  lbs.  12  oz. 

30      do.        do.  do.         .    20  lbs.    8  oz. 


Or,  70  quarts  produced 49  lbs.  12  oz. 

When  fed  on  cabbage— 

50  quarts  of  cream  produced  .    •    32  lbs. 
Again— 

50  quarts  of  cream  produced  •    .    32  lbs.  4  oz. 
60    do.        do.  do.        .     .    40  lbs. 

Or  the  tohole  six  quarts  of  cream  in  July  gave  4  lbs.  of  butter. 

"On  churning  the  tohde  milk  in  this  chum,  100  quarts  of  milk  at  60^ 
produced  8  lbs.  of  butter  of  excellent  quality  in  one  hour  and  a  half— 8 
quarts  of  hot  water  were  put  into  the  chum  according  to  the  old  system. 

**  100  quarts  of  milk  fmm  the  same  cows  at  64°  produced  only  7  lbs. 
of  butter  of  a  soft  and  inferior  quality,  and  took  two  hours  to  chum,  16 
quarts  of  hot  water  being  put  into  the  churn  oi>  this  occasion. 

"  The  whole  milk  was  sometimes  churned  in  less  than  one  hour,  but 
from  that  to  one  hour  and  a  half  was  the  general  time  occupied,  whereas 
three  to  four  hours  is  the  time  occupied  in  churning  in  the  common  chum. 

"  To  ascertain  whether  the  tohole  milk  or  the  cream  produced  the 
greatest  quantity  of  butter  in  this  chum,  I  took  the  milk  of  five  cows 
(Ayrshire  breed)  (or  one  week  in  July  last,  amounting  to  508  quarts— 
the  yield  of  butter  was  36  lbs.  11  oz.  I  then  took  tlie  same  quantity  of 
milk  from  the  same  cows  for  the  same  ))eriod  of  time,  and  let  it  stand  for 
cream — the  butter  produced  was  37  lbs.  4  oz.  The  food  and  other  cir* 
cumstaoces  were  <piite  the  same. 

"  To  test  the  quality  of  my  butler,  I  sent  it  last  summer  to  a  show  at 
Ayr,  and  obtained  the  second  premium  both  for  freth  and  salt;  the  heat 
at  which  it  was  churned  was  58°,  and  the  time  not  exceeding  half  an 
bour." 

On  these  observations  of  Mr.  Burnett,  I  must  in  fairness  remark,  that 
several  other  persons  who  have  used  this  chum,  have  not  reported  by  any 
means  so  favourably  of  its  merits.  Perhaps  they  have  not  known  how 
to  manage  it  so  skilfully. 

2°4  Q^an^ity  pfmiXk  and  buUer  yielded  6y  Ayrshire  cows.  ■ 
Mr.  Alexander,  of  Southbar,  baa  fngiiahad  ma  wiihtbe  IbUowiogpRii* 


pantiam  fiC  onaa  and  hatter  ykldod  by  hh  daily  c€9Scom9.  at  VMi' 
wood,  in  the  hifher  part  of  Ayrshire,  near  fifiariurk,  during  w  aenaal 
daya  ia  Norember  and  JOBcembcra  li43 1— 

Cfosn  ^muff 

Dmte.  iBimp.iaift  inpoante 

November     1    ••....  16  434 

"  7     ......  191  •  47| 

14 18J  43 

«*  21 2lJ  47 

«  99 18  39 

X>eeember     7, 19  43} 

InaU 112|  galls,  irare      263} 

or,  itven  quarU  of  cmm  in  Nmnher  gate  four  potatdi  of  huUer. 

The  creaiD  appears  isoin  the  taUe  lo  have  become  gradaally  less  richy 
though  the  whole  quantity  did  not  dimimsh. 

Mr.  Alexander  remarks,  that  •*  the  proportion  of  cream  varies  in  his 
dairy  from  |th  lo  Ath  of  the  bulk  of  the  milk,  and  that  the  Goerassy  or 
Hignland,  or  any  bladk  or  hlaek-marked  eots,  gives  mere  ereamStaai  iha 
same  quantity  of  milk.**    That  is,  they  give  a  richer  milk. 

This  is  a  curious  physiological  (bet,  and  is  probably  related  to  an  o^ 
servatioo  made  in  the  iattening  of  these  races,  that  the  same  quantity  of 
food  0008  further  in  fatteninga  black  or  black-marked  thana  dun  or  whito 
beast.  I  donot  suppose  that  any  thing  of  this  kind  has  been  observed  in  the 
Durham  breed-His  while  animals,  ^  pare  blood,  are  oflen  great  favour- 
ites with  the  breeders  of  Tees- Water  stock. 

9^.  Profit  of  making  butter  and  <^teese  compared  foUk  Aa<  (f 
idling  the  milk. 

For  the  (oUowiii^  paiticulars  I  am  also  indebted  to  Mr.  Alexandsr. 
The  produce  of  cheese  and  butter  in  the  average  of  his  experience  ai 
Wetlwood,  in  AyrBhire. 

There  are  three  ways  in  which  the  milk  Lb  usually  disposed  of.  It  ii 
sold  in  the  state  of  new  imlk,  or  it  is  made  into  full  milk  cbeeee,  and  the 
whev  f;iven  to  pigs— or  it  is  made  into  butter,  and  the  skim-milk  sold,  or 
macfe  into  chec»e,  or  ^ven  to  pip.  The  pro6t  of  .^ach  of  these  tlues 
methods,  at  the  Ayrshire  prices,  is  as  IbUows  aifproximatdy  •-'— 

s.  d. 
c.<-«i90  quarts  of  new  milk,  at  dd.  a  quartt  are  sold  for  1^    0 

i.^-90  quarts  of  new  milk  give  24  lbs.  of  ft^  jailk  chssse, 

which,  at  4id«,ner  lb.  are  sold  for       .                        .90 
The  whey  is  woitli,  at  kaat 0   6 

9    $ 

«.-«i90  quarts  of  milk,  chvraed  allofftther,  give  9  Iba.  of  butler, 

at9d 6   9 

90qQartsof  buttsr-iiiiik,.atld.peKqaact .  .30 

10    6 

In  the  country,  where  Ae  butter-milk  cannot  be  aold»  it  is  givao  to  the 

^igMuid  doea  aot  yMdea  Ivfa  « I 


Mijcor*  watTMA  Mm  obbmb.  its 

$•  d» 

90  quarts  of  new  milk  give  18  quarts  «f  CTeaiii«  yielding 

91bs.  of  butter  at  9d.,  as  before 6  9 

....    0  9 


18  quarts  of  butter^osllk,  at  !d. 
70  quarts  of  skim-milk,  at  Ja. 


r 

I  70  quarts  of  skim-milk,  at  >d 2  11 

10  6 
When  the  skim-milk  ctumot  be  aoM,  it  may  be-  gi^a  to  the  pigs,  or 

it  may  be  made  iolo  skim-milk  cheese.    Ju  toe  latter  caae  the  ptrofii  is 
as  follows:— 

a.  d. 

e^-^Butter  and  bntter-milk,  as  befoie 7    6 

70  quarto  of  skim-milk  give  16  Iba.  of  eheese,  which*  at  3d. 

per  lb. 4    0 

11  6 
Thus  we  have  90  quarto  of  milk-— 

I.  d. 
a— flold  as  new  milk,  worth  .  •  •  •  15  0 
i— made  into  full-milk  cheese    ....  9.    6 

c— made  into  butter  and  butter-milk,  where  die  latter 

can  be  sold •        10    6 

i(— made  into  batter  and  skim-milk,  where  the  latter 

can  be  sold  .  .  •  .  •  •  10  5 
e— made  into  batter  and  skim- milk  cheese  •  •  '  11  6 
In  the  country,  therefore,  according  to  these  calculations,  the  most  pro- 
fitable way  is  to  make  butter  and  skim-milk  cheese.  Tlie  ianner  is  thus 
in  a  great  measure  independent  of  an  adjoinine  population.  The  small 
quantity  of  butter-milk  he  thus  obtains  he  wiU  easily  be  aMe  to  dispose 
«C  or  otberwiM  to  employ  to  advantage* 

According  to  Mr.  Ayton,  it  is  still  more  profitable  to  feed  calves  with 
Ae  milk,  but  I  find  many  people  diflfer  from  him  on  diia  poinc  At  all 
•▼eats,  a  good  and  ready  market  is  teqoired  for  the  v«aL 


LECTURE  XXI. 

Or'ihefMdlnf  of  ninMls,  and  tb«  pnrpoaei  Mrred  bj  their  food.— flahilMieM  of 
poflo  of  aalmai  boiUoa  eonstot— Whence  do  the  uiiiiula  dertve  theoe  siibeiucee>  era 
they  aUpreeeat  la  the  ibodl^Vae  of  the  elarah,  gon.  end  Minr  couttiBed  la  vflMUt 
IboO.— Functiona  of  a  Ailtfrown  aiUmaL— Of  (he  respiranoii  of  mlBula.— OeneraTonfii 
•od  porpoeee  eerwd  by  ibe  tat  in  earnivoroai  and  herbivoraoa  anlniak.— Of  ibe  difsartva 
proceaa  bi  animals.— Parpoaea  aenred  br  ftmd  and  digeaUon.— The  food  auautaw  the  lbi> 
Cit>wn  aitinuL— Neceeattj  of  a  nlzed  food.~tt  aoai^a  and  increaaea  the  lattenbig  aoi* 
nal— Rebalve  Aittenhif  poarera  of  diflbrent  bhida  of  food.— How  circumaaacea  allbet  tUa 


Auralnc  property.— PunMiaee  aerred  by  Ibed  In  thepregnani— in  the  yonac  Mui  omnni 
aabnaJa,  auob  aa  the  calr-~and  hi  the  milk  cow.— EffT-ciuf  diflbrent  Itinda  of  food  on  the 
quaUty  x>f  thelntlk.— rbttenlng  of  the  cow  an  the  tnlUc  leaaeoa  hi  quaodty— Sxperfmeaiai, 
ec4Miofflfcal,  aad  theoretical. value  of  diflbrent  Idnda  uf  food  for  tlieaaaeveial  pucpooea— 
Cnrcumaianceii  which  afliect  theae'valuea.— SoU,  manure,  form  in  which  the  food  Mflran, 
▼entilarion,  Ught,  warmth,  exeiciae,  acUvlty,aBU  and  other     ^ 


HAYiNe  in  the  preceding  lectures  conaidered  the  compp6ition  of  the 
direct  products  of  the  soil— grains,  roots,  and  grasses— and  of  the  noost 
important  indirect  products— milk;  butter,  and  cheese — ^the  only  part  of 
our  subject  which  now  remains  to  be  discussed  is  the  relative  values  of 
these  several  products  in  the  feeding  of  animals. 

Under  this  head'it  will  be  necessary  to  enquire  how  far  these  values 
are  aliected  by  the  age,  the  growth,  the  constitution,  and  race  of  the  ani- 
mal—by the  purposes  for  \diich  it  is  fed — ^and  by  the  circumstances 
under  which  it  is  placed  while  the  food  is  administered  to  it. 

}  1.  Cf  the  substance  of  tokUh  the  parts  of  animals  eonsisL 

The  bodies  of  animals  consist  of  solid  and  fluid  parts. 
1°.  The  soUd  parts  are  chiefly  made  up  of  the  muscleSf  the  fai,  and 
the  bones. 

a.  The  musdes,  in  their  natural  state,  as  I  have  already  had  oocasMMi 
to  mention  (p.  444)f  consist  in  100  parts  of  about- 
Dry  matter    23 

Water 77 

100 
so  that,  to  add  100  lbs.  to  the  weight  of  an  animal  in  the  form  of  mM^eUt 
only  23  lbs.  of  solid  matter  require  to  be  incorporated  with  its  system. 

when  the  muscular  or  lean  part  of  beef,  mutton,  &k;.,  is  washed 
in  a  current  of  water  for  a  length  of  time— the  blood,  to  which  the  red 
colour  is  owing,  and  all  the  soluble  substances,  gradually  disappear,  and 
the  muscle  becomes  perfectly  white.  In  this  state,  with  the  exception 
of  some  fatty  and  other  matters  which  still  remain  intermixed  with  it,  the 
white  mass  fonns  what  j»  known  to  chemists  by  the  name  of  fihrin* 
This  name  is  given  to  it  because  it  forms  the  fibres  which  run  along  the 
muscles  and  constitute  the  greater  portion  of  their  substance. 

The  following  table  exhibits  the  relative  proportions  of  muscular  fibre 
and  other  substances  contained  in  the  flesh  of  several  different  animals  in 
its  natural  state,  [Schlossberger,  Annalen  der  Pharmacie,  Decemb^* 
1842,  p.  344] :— 


comrosiTios  or  kccKRT  mtcub  68r 


I  I 


and  cellular  substance.    .  17*5  15-0  16-8  16*8  18*0  17-0   16*5  120  li'l 
Soluble  albumen  and  colour- 
ine  matur  of  blood  (Memo- 
^^  ^  22     3-2    2-6    2-4    23     45     30     52     44 


AlcohoUr.extraci,containing  J  ^.^  ^.j    ^.^     ^.^  .        ^  ^^     ^.^     ^^     ^.g 

■aline  matter .    •    •    .    .  I  f  0.4  } 

Wai«ry  exlrac^  containing  K. 3  j^    IKi     (h8  \        h^     1-2     17     CHI 

saline  matter y^  "^        ^ 

Phosphate  of  lime,  with  a  lit- 
tle albumen* trace  01  trace  trace  0-4     —      0^     —     3"« 

Water  and  loss 77-6  797  782  78 3  76-9  760  773  80-1  80-6 

100    100  100    100   100    100    100    100    100. 

The  proportions  in  the  above  table  are  not  to  be  regarded  as  oonstant ; 
tfaey  eeem,  however,  to  shew  what  we  should  otherwise  expect,  that  the 
muscular  part  of  fishes  contains  a  less  proportion  of  fibrin  than  that  of 
land  animals  in  general. 

When  dried  beef  is  burned  it  leaves  about  4|  per  cent,  of  incombus- 
tible ash— or  100  lbs.  of  the  muscle  of  a  living  animal  in  its  natural 
0tate  contain  about  one  pound  of  saline  or  inorganic  matter. 

Of  this  inorganic  matter,  it  is  of  importance  to  know  that  about  ttoo* 
Mrds  consist  ^phosphate  of  lime.  Thus  to  add  100  lbs.  to  the  muscular 
pan  of  a  full  grown  animal,  there  must  be  incorporated  with  its  substanco 
about—  ^ 

Water 77  lbs- 
Fibrin,  with  a  little  fat  .  .  22  *' 
Phosphate  of  lime     ...  |  *' 

Other  saline  matters  .        .  |  ** 

100 

6.  The  fat  of  animals  consists,  like  the  fat  of  butter,  of  a  solid  and 
fluid  portion.  The  fluid  fat  is  in  great  part  squeezed  out  when  the  whole 
is  submitted  to  powerful  pressure. 

The  Jluid  portion  of  tlie  fat,  called  b^  chemists  oleine,  bS  far  as  it  has 
yet  been  examined,  appears  to  be  identical  in  all  animals.  It  is  also  the 
same  thing  exactly  as  the  fluid  part  of  olive  oil,  of  the  oil  of  almonds, 
and  of  the  oils  of  many  other  fruits.  It  exists  in  larger  quanti^  in  the 
fitt  of  the  pig  than  in  tnat  of  the  slieep,  and  hence  pork  fat  is  softer  than 
beef  or  mutton  suet.  From  lard  it  is  now  expressed  on  a  great  scale  in 
the  United  States  of  America,  for  burning  in  lamps  and  for  other  uses. 
The  manufacturers  of  stearine  candles  express  it  from  beef  and  mutton 
fat,  but  chiefly  for  the  purpose  of  obtaining  the  solid  part  in  a  harder 
state,  that  it  may  make  a  more  beautiful  and  less  fusible  candle.  The 
fluid  oil  of  animal  fats,  however,  is  known  to  differ  from  the  liquid  part 
of  butter  {buUer-oil)  described  in  the  preceding  Lecture  (p.  559),  and 
from  the  fluid  part  of  linseed  and  other  similar  oils  which  dry,  and  form 

*  Thtv  phosphste  of  Um«  to  over  and  above  that  which  ejdits  natorelly  in,  and  ia  ini^u^ 
■Ue  ficom,  tlie  muocalar  fibre  iiaeif  aiid  ih>m  the  albumen. 
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%  kind  of  ▼aroiah  when  exposed  to  ihe  air.  These  latter  facts  are  not 
without  their  importance,  as  we  shall  hereafter  see. 

The  $oUd  part  of  the  fat  of  animals  is  known  to  var^r  to  a  certain  ex- 
tent  among  mfieteot  races.  Thus  the  solid  fat  of  man  ts  the  same  with 
that  of  the  goose,  and  with  that  which  exists  in  olive  oil  and  in  butter. 
Tu  this  tiie  name  of  margarine  is  given.  Bnt  the  solid  fat  of  the  oaw, 
the  sheep,  the  horse,  and  the  pig,  ditTers  from  that  of  man,  and  is 
known  by  the  name  of  Uearine* 

The  solid  and  fluid  parts  are  mixed  together  in  dillerent  proportions  in 
llie  fat,  not  only  of  diff<)rent  animals;  but  of  the  same  animal  at  difler- 
ent  periods,  and  in  different  parts  of  its  body.  Hence  the  greater  hard- 
ness observed  in  the  suet  than  in  other  portions  of  the  fat  of  beef  and  mut- 
ton, and  hence  also  the  different  quality  and  appearance  of  the  fat  of  an 
ox  according  to  the  kind  of  food  upoo  which  it  has  been  fed  or  fattened. 

c.  The  btmeSf  lilce  the  muscles,  consist  of  a  combustible  and  an  incom- 
bustible portion,  but  in  the  bones  the  inorganic  or  incombustible  part  is 
by  much  the  greater.  To  the  organic  matter  of  bones  the  name  of  gdr 
atine  or  glue  is  given,  and  it  can  be  partly  extracted  from  them  by  boil- 
ing. The  proportion  of  gelatine  which  exists  in  ix>ne8  varies  with  the 
kind  of  animal— with  the  part  of  the  body  from  which  the  bone  is  taken 
— and  very  often  with  the  age  and  state  of  health  of  the  animal,  and  widi 
the  way  in  which  it  has  been  accustomed  to  be  fed.  It  is  greater  in  spongy 
bones,  m  the  bones  of  young  animals,  and  probably  also  in  the  bones  of 
such  as  are  in  high  condkion.  In  perfectly  dry  bone  it  rarely  exceeds 
fmm  35  to  40  per  cent,  of  the  whole  weight. 

The  incombustible  portion  consists  for  the  most  part  of  phosphate  and 
carbonate  of  lime.    The  relative  proportions  of  tnese  two  earthy  com- 
pounds also  vary  with  the  kind  of  animal,  with  its  age,  its  condition,  its 
food,  and  its  state  of  health.    To  form  100  lbs.  of  bone  the  animal  will 
usually  require  to  iticorporate  with  its  own  substance  abouir^ 
36  pounds  of  gelatine, 
55  pounds  of  phosphate  of  lime, 
4  pounds  of  carbonate  of  lime, 
)  pdwids  of  pbosphdte  of  macneata, 
3  pounds  of  soda,  potash,  and  conunon  salt 

100 

d.  Hair,  Aonit  taui  wool,  are  distinguished  from  the  muscular  parta  of 
the  animal  body  by  the  large  proportion— about  five  per  cent.— of  mil* 
phur  which  they  contain.  They  consist  of  a  substance  which  in  odier 
respects  oloaely  nsombles  gluten  and  gelatine  in  its  chemical  composi* 
tion  (pafee  445).  When  burned,  they  leave  from  one  to  two  percent,  of 
nsih,  which  in  the  case  of  a  variety  of  human  hair,  which  kft  1  -1  per  cent 
of  ash,  was  Ibond  by  Van  Laer  to  consist  of— 

Per  OMiL 

Soluble  chlorides  and  talpbates 0*51 

Oxide  of  iron    ••...••..... 0*39 

Phosphate  and  anlphate  of  lime,  phosphate  of  magnesia  and  silica  .  0  20 

110 
The  inocgaiiic  mattar  contained  in  hair  is  therefore,  generally  speak* 
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lag,  die  tame  in  kind  u.  that  which  exitto  in  the  muscular  Gbm  and  ifi 

the  bone.    It  contains  the  sanie  phosphate  of  lime  and  magneaia—the 

aame  sulphates  and  the  same  chlorides^  among  which  httter  common  salt 

I  is  the  most  abundant.    The  absolute  quanti^  of  ash  or  inorganic  matter 

'  varies,  as  well  as  the  relative  proportioiis  iiy  which  the  several  substances 

are  mixed  together  in  the  different  solid  pans  of  the  body,  bm  the  snb- 

i  stances  themselves  of  which  the  inoi|;anic  matter  is  composed  are  nearly 

i  the  same,  whether  they  be  obtained  m»m  the  bones,  fipom  the  muscles,  or 

fiom  the  hair* 
r  2^.  Of  ihe  Jbudpari$  of  the  body,  the  Uood  is  the  most  important, 

i  and  by  far  the  most  abundant.    The  body  of  a  full  grown  man,  of  mo- 

derate dimensions,  contains  about  12  lbs.  of  bloed,  [Lehmann,  Physi- 
i  ologische  Chemie,  I.,  pp.  113  and  338,]  that  of  a  full  grown  ox,  six 

I  times  as  heavy,  cannot  contain  less  than  70  or  80  lbs.    Bwd  ronsimw  of 

1  about- 

Far  ewL 

Water 80 

I                                      Organic  matter    .••••.••    19 
Saline  matter  ..." 1 

100 
The  organic  matter  consists  chiefly  of  fibrin^  which,  when  the  blood 
coagulates,  forms  the  greater  part  of  the  ciot*- and  otaUmmen,  which  re- 
mains dissolved  in  the  serum  or  fluid  part  of  ckiCted  blood,  but  which, 
like  the  white  of  egg,  runs  together  into  insoluble  clots  when  the  serum 
is  heated. 

The  saline  matter  remains  dissolved  in  the  serum  after  the  albumen 
has  been  separated  by  heating,  and  consists  chiefly  of  phosphates,  sul- 
phates, and  chlorides— Dearly  the  same  compounds  as  exist  in  the  soluble 
part  of  the  ash  left  by  the  solid  parts  of  the  body. 
I  Besides  this  soluble  saline  matter  which  remains  in  the  serum,  a  por- 

tion of  phosphate  of  lime  and  a  small  quantity  of  phosphate  of  mapiesia 
'  exist  also  in  the  fibrin  and  in  the  albumen  of  the  blood.    Thus  in  the  dry 

state  these  substances  contain  respectively  of  the  mixed  phosphates—* 
Albumen  of  ox  blood    .    •     .    .    1*8  per  cent.  }  /u^^^h,^  \ 
Fibrin  of  human  blood ....    0-7  per  cent.  J  !**«««»««.) 

Thus  the  sums  gaUne  and  earthy  eampo^rnds^  tokkh  form  §o  large  a 
fortiim  of  the  bamee^  are  dutribtiUd  every  where  in  eeieibte  proporiimu 
tkroitgh9ut  all  the  mare  important  eolide  emdjlmde  of  the  body 

1 2.  Whenee  does  the  body  obtain  (hue  suhst/onees  f   Are  (hey  oofnitainod 
inthefoodf 

Whence  does  the  body  derive  all  the  substances  of  which  its  several 
parts  consist  ? 

The  answer  to  this  question  appears  at  first  sight  to  be  easy.  They 
must  be  obtained  from  the  (bod.  But  when  the  enqoify  is  fimher  con- 
sidered, a  reply  to  it  is  not  so  readily  given. 

It  is  true,  indeed,  that  the  organic  part  of  the  food  contains  carbont 
hydrogen,  oxygen,  and  nitrogen — the  elements  of  which  the  oraanic  parti 
or  the  body  are  composed.    The  tfM)rgaiiic  matter  also  which  jnte  la 
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the  fiiod  odotains  the  lime,  the  magaeeia,  the  potash,  the  aoda,  the  ari* 
phar,  the  phosphorus,  and  the  iron,  which  exist  in  the  inorganic  parts  df 
the  animal  body— so  that  the  question  seems  already  reeolved.  The 
body  obtains  from  the  food  all  the  elements  of  which  it  consiBts,  and 
if  these  be  not  present  in  the  food,  the  body  of  the  animal  cannot  be 
properly  built  up  and  supported. 

But  to  the  chemist  and  physbtogui  the  more  important  port  of  the 
iiuestion  stilt  remains.  In  wh€U  MUUe  do  thete  eUmenU  enter  imto  Ihe 
body  ?  Are  the  substances  of  which  the  food  consists  decomposed  after 
they  are  taken  into  the  stomach  ?  Are  their  parts  first  torn  asunder,  and 
theu  re-united  in  a  difierent  way,  so  as  to  form  the  chemical  oompounds 
of  which  the  muscles,  bones,  and  blood  consist?  Are  the  vital  powers 
houod  to  labour,  as  it  were,  for  the  existence  and  support  of  the  body  ? 
Do  they  compound  or  bniU  np  out  of  their  ultimate  elements  the  ▼arkNis 
substances  of  which  the  body  is  composed«-or  do  they  obtain  these  sub- 
stances ready  prepared  from  the  vegetable  food  on  which  animals,  in 
general,  are  fed  ?  The  answer  which  recent  chemical  reseiuches  give  to 
this  second  question  forms  one  of  the  most  beautiful  contributions  which 
have  been  made  to  animal  physiology  in  our  time. 

1^.  We  have  seen  that  the  flour  of  wheat  and  of  our  other  cultivated 
grains  consists  ia  part  of  gluten,  of  albumen,  or  of  casein.  These  sub- 
stances all  contain  nitrogen,  and  are  identical  In  constitution  with  each 
other,  and  with  the  libriu  of  which  the  muscles  of  animals  chiefly  con- 
sist.* The  substance  of  the  muscles  exists  ready  formed,  therefore,  in  the 
food  which  the  animal  eats.  The  labour  of  the  stomach  is  in  conse- 
auence  restricted  to  that  of  merely  selecting  these  substances  from  the 
food  and  dispatching  them  to  the  several  parts  of  the  bo(Jy,  where  they 
are  required.  The  plant  compounds  and  prepares  the  materials  of  the 
muscle;»*>the  stomach  only  picks  out  the  bricks,  as  it  were,  from  the  other 
building  materials,  and  sends  them  forward  to  be  placed  where  taey 
happen  to  be  wanted. 

2°.  Again,  we  have  seen  that  in  all  our  crops,  so  far  as  they  have 
been  examined,  there  exists  a  sensible  proportion  of  fatty  or  oily  ma  ler 
more  or  less  analogous  to  the  several  kinds  of  fat  which  exist  in  tne  bo  lies 
of  animils.  In  regard  to  this  portion,  therefore,  of  the  body,  the  vege- 
table performs  also  the  larger  part  of  the  labour.  It  builds  up  fatty  sub- 
stances oat  of  their  elements— -carbon,  hydrogen,  and  nitrogen.  These 
substances  the  stomach  extracts  from  the  food,  and  the  body  appropriates 
them,  afler  they  have  been  more  or  less  slightly  changed,  in  onkr  to 
adapt  them  to  their  several  purposes.  There  may  pos8ibly  be  other 
sources  of  fat,  as  we  shall  hereatter  see,  but  the  simplest,  the  most  na- 
tural^-and  probably,  where  a  sufficient  supply  exists,  the  only  one  had 
recourse  to  by  the  healthy  animal— is  the  mt  which  is  found,  leniy 
formed,  m  the  vegetable  food  it  eats. 

3^.  Further,  the  bones,  the  muscles,  and  the  blood,  contain  phosphate 

*  Thp  ehemieal  reader,  wh^ls  wmre  of  the  exact  Hate  of  our  kiiawle4fe  opcNi  this  nob. 
jeet,  will  poreetve  that  I  apeak  here  of  the  i4eotity  of  theae  siibMancea  otiljr  in  ao  fiu  as  Uie 
proportiona  of  CAri»iiii,  hjdrocen,  oxygen,  and  oitrof  en  are  concrrned  It  k  uoneeeaea  y  to 
aJluite  lA  Utia  place  in  the  diflhrent  pniportlotia  of  aulphar  aod  phoAphfirus  tboy  ara  kn  'Wa 
lo  conbdn— a«  the  more  popiiiiir  nature  of  ihia  work  will  not  p«rmii  me  lo  iliecuaa  the  rfc- 
aiied,  though  aiagularly  WuUful,  phjraioluf  teal  queationa  with  which  iheee  diflbraaces  ara 
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of  lime*  phosphate  of  magnesia,  common  salt,  and  other  saline  com- 
pounds. These  same  compounds  exist,  ready  fonned,'in  the  vegetable 
food,  associated  generally  with  the  gluten,  the  albumen,  or  the  casein, 
it  contains.  The  materials  of  the  liardef  parts  of  the  body,  therefore— 
(the  phosphates)  as  well  as  the  inorganid  saline  substances  which  are 
found  in  the  blood,  and  in  the  other  fluids  of  the  body— are  all  formed  in 
or  by  the  plant,  or  are  by  it  extracted  from  the  soil  and  incorporated  with 
the  food  on  which  the  aoimal  is  to  live. 

Not  only,  therefore,  do  the  mere  elements  of  which  the  parts  of  the 
hodies  of  animals  are  formed,  exist  in  the  food — but  they  occur  in  it,  put 
together  and  combined,  nearly  in  the  state  in  w^hich  they  are  wanted,  in 
order  to  form  the  several  solids  and  fluids  of  the  body.  The  plant,  in 
short,  is  the  compounder  of  the  raw  materials  of  living  bodies.  The  ani- 
mal uses  up  these  raw  materials— cutting  them  into  shape  when  neces- 
sary, and  fitting  them  to  the  several  places  into  which  they  are  intended 
to  be  built. 

This  is  a  very  simple,  an^  yet  a  very  beautiful  view  of  one  of  the 
many  forms  of  chemical  connection  which  exist  between  the  processes 
and  purposes  of  animal  and  vegetable  life.  Nature  seems  to  divide  the 
burden  of  building  up  living  bodies  between  the  vegetable  and  the  animal 
kingdoms— the  lower  appearing  to  exist  and  to  l2UK)ur  only  for  the  good 
of  uie  higher  race  of  beings. 

^  3,  Of  the  respiration  of  animals^  and  of  the  purposes  served  by  the  starchy 
gum,  and  sugar,  contained  in  vegetable  food. 

But,  besides  the  gluten  of  plants  and  seeds,  which  supplies  the  mate- 
rials from  which  the  muscular  parts  of  animals  are  formed,  the  oil  which 
is  converted  into  the  fat  of  animals,  and  the  saline  and  earthy  matters 
of  [jlants  which  supply  the  salts  of  the  blood  and  the  earth  of  the  bone»* 
vegetable  food  in  general  contains  a  large  proportion  of  starch,  sugar, 
gum,  and  other  substances  which  consist  of  carbon  and  the  elements  of 
water  only  (p.  111).  What  purpose  is  served  by  this  part  of  the  food  ? 
Is  it  merely  taken  into  the  stomach  and  again  rejected,  or  is  it  decom- 
posed and  made  to  serve  some  vital  purpose  in  the  economy  of  the 
living  animal  ?  From  the  fact  that  so  large  a  part  of  all  vegetable  food 
consists  of  these  substances,  we  might  infer  that  they  were  destined  to 
serve  Aome  important  purpose  in  the  animal  econoitiy.  To  the  herbiv- 
orous animal  they  are,  in  fact,  almost  necessary  tor  the  support  of  a 
healthy  life. 

In  order  to  understand  this  fact,  it  will  be  necessary  briefly  to  advert  to 
the  respiration  of  animals— 4he  chemical  changes  produced  by  it,  and 
the  purposes  it  is  supjx)sed  to  serve  in  the  animal  economy. 

1°.  Of  the  function  of  respiration.-' h\\  animals  possessed  of  lungs  al- 
ternately inhale  and  exhale  the  atmospheric  air.  They  breathe,  that  is, 
or  respire.  The  air  they  draw  into  their  lungs,  supposing  it  to  be  dry, 
consbts  by  volume  (pp.  32  and  148)  very  nearly  of— 

Nitrogen         .  ......     79-16 

Oxygen 20-80 

'  Carlx>nic  acid 0*04 

100 
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— the  proportion  of  cazbonic  acid  being  rery  8malL    But  as  it  is  Invatiiad 

out  again  it  coottsts  of  about— 

Nitrogen 79-16 

Oxygen 16-84  to  12 

Carbonic  acid 4-00  to   8 
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—the  proportion  of  oxygen  being  considerajbly  less,  that  of  carbonic  add 
very  mucn  greater,  than  before.    On  an  average  the  natural  propordon 
of  carbonic  acid  in  the  air  is  found  to  be  increased  100  times  afler  it  is 
exoelled  by  breathing  from  the  lungs. 

Now  carbonic  acid  oonsisu,  as  we  have  previously  seen,  of  carbon  and 
oxygen.  In  breathing,  therefore,  the  animal  throws  off  into  the  air  a 
(juantity  of  carbon— in  the  form  of  carbonic  acid— which  varies  at  dif- 
ferent times,  in  different  species  of  animals,  and  in  dillerent  individuals  of 
the  same  species.  By  a  heahhy  man  the  quantity  5f  carbon  thus 
thrown  oir  varies  from  5  to  13  ounces,  and  by  a  cow  or  a  horse  from  3  to 
5  pounds,  in  24  hours.  All  this  carbon  must  be  derived  from  the  food. 
The  animal  eats,  therefore,  not  merely  to  support  or  to  add  weight  to  its 
body,  but  to  supply  the  carbon  also  which  is  wasted  by  respiration. 

2^'.  Haw  the  respintUon  is  fed* — What  part  of  the  food  supplies  the 
waste  caused  by  respiration  7     How  is  the  respiration  fed  ? 

In  animals  which  live  upon  flesh— carnivorous  animals— it  is  the  ikt 
of  their  food  fioni  which  the  carbon  given  off  by  their  lungs  is  derived. 
It  is  only  when  the  ikt  fails  in  quantity  that  the  lean  or  muscular  part 
of  the  flesh  they  tat  is  decomposed  for  the  purpose  of  supplying  carbon 
to  their  luncs. 

In  an  animal  to  which  no  food  is  given  for  a  time,  the  lungs  are  fed, 
so  to  speak,  torn  fat  also.  But  in  this  case  it  is  the  living  fat  of  the 
aniinars  own  body.  When  digestion  is  fully  performed  and  hunger  is 
keenly  experienced,  the  body  begins  to  feed  upon  itself^ he  lunas  still 
play,  respiration  continues  for  many  days  after  food  has  ceased  to  be  ad- 
iiunisterM,  but  the  carbon  civen  od'is  derived  from  the  substance  of  the 
body  itself.  The  fat  first  (Ssappears— escapes  with  the  breath — and  af- 
terwards the  muscular  jpart  is  attacked.  Hence  the  emaciation  which 
follows  a  prolDn^ed  abstinence  from  food. 

In  aninials  which  live  upon  vegetable  food  afiain— herbivorous  ani- 
mals—it is  the  starch,  gum,  and  sugar,  of  the  food  which  supply  the 
carbon  for  nspinttion.  It  is  only  when  the  food  does  not  contain  a  suf> 
iicient  supply  of  these  compounas  that  the  oil  first,  and  then  the  gluten, 
are  decomposed,  and  made  to  yield  their  carbon  to  the  lungs. 

In  man,  who  lives  on  both  kinds  of  food,  and  in  the  domestic  dog,  and 
the  pig,  which  idso  eat  indifierently  both  animal  and  vegetable  fb^,  the 
carbon  of  respiration  may  be  denved  in  part  from  the  fat,  and  in  part 
from  the  starcn  and  sugar  which  they  eat— according  as  they  are  chiefly 
supported  by  the  one  or  by  the  other  kind  of  food. 

It  may  be  asked  how  we  know  that  such  are  the  parts  of  the  food,  to 
which  the  duty  of  supjrfying  the  demands  of  the  lungs  is  especially  com- 
xnitted.    There  jue  several  considerations  which  lend  force  to  this  opin- 
ion.   Of  these  I  wXk  draw  your  attention  to  one  or  two. 
^   a.  Wkyiate  (at  rather  than  the  lean  port  of  the  food  etc 
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tttHnialt  devoted  to  the  senrice  of  the  lunge,  and  tvliy  do  etanring  ani- 
mals lose  their  fat  first  1  Becaose  the  chemical  decomposition  by  which 
carbon  can  be  derived  fiom  the  fat  is  simpler  and  more  easily  e(!ected 
than  that  by  whkh  it  can  be  ob-ained  from  muscular  fibre.  By  combi- 
nation with  oxygen,  fat  can  be  converted  into  carbonic  acid  and  water 
only,  of  which  me  former  will  pass  ofTby  the  lungs  and  the  latter  in  the 
urine.  The  muscular  fibre,  on  the  other  hand,  contains  much  nitrogen 
(p.  444),  and,  if  deprived  of  its  carbon  for  the  uses  of  respiration,  must 
undergo  very  complicated  decompositions,  and  form  a  series  of  com- 
pounds, the  use  of  which,  in  the  animal  economy,  it  is  not  easy  to  perceive. 

Besides,  in  producing  the  carbonic  acid  of  the  I'lii:;^  from  the  fat  of  the 
animal  food  or  of  the  living  body,  there  is  less  waste  of  material.  Fat 
consists  wholly  of  the  three  elementtt,  carbon,  hydrocen,  and  oxygen. 
These  all  disappear  entirely  in  the  form  of  carbonic  acid  and  water— both 
of  which'are  a%ed  up.  Muscle,  on  the  other  hand,  besides  nitrogen,  con- 
tains a  constant  proportion  of  sulphur  and  phosphorus.  If  the  muscle, 
then,  be  decomposed  for  the  purpose  of  supplying  carbon  to  the  lungs, 
not  only  the  large  quantity  of  nitrogen,  but  the  sulphate  and  phosphorus 
also,  would  so  to  waste,  and  would  pass  off  in  the  urine.  In  nature^ 
however,  sucn  waste  is  rarely  seen  to  take  place ;  and,  therefore,  as  a 
general  rule,  the  respiration  will  be  supported  by  the  muscular  fibre  only 
when  other  kinds  of  food  are  deficient. 

6.  But  in  the  stomachs  o^ herbivorous  animals,  why  are  the  starch  and 
sugar  especially  appropriated  to  the  use  of  the  lungs  T  The  food  of  ani- 
mih  which  live  upon  vec;etable  substances  contains  fat  as  well  as  starch 
—why  then  is  the  starch  In  tliis  case  dissipated  by  the  process  of  respira- 
tion, while  the  fat  is  applied  as  it  is  supposed  to  another  use  ?  The 
answer  to  this  question  is  both  beautiful  and  sadsfactory. 

Stardh,  gum,  and  sugar,  consist  of  carbon  and  water  only,  and  we  can 
conceive  them  in  their  passage  through  the  body  to  be  actually  separated 
into  these  two  substances*-4n  which  case  the  carbon  has  only  to  combine 
with  oxygen  and  form  carbonic  acid,  to  be  ready  to  pass  off  by  the  lun^. 
Here,  therefore,  only  one  chemical  combination  is  required— (lie  union 
of  carbon  with  oxygen.  It  is  the  simplest  way  in  which  we  can  con-* 
ceive  carbon  to  be  supplied  for  the  use,  or  for  the  purposes  of  the  lun^.* 

B  ut  it  is  otherwise  with  fat.  Though  nearly  all  kinds  of  fat  consist  en- 
tirely of  carbon,  hydrogen,  and  oxygen-*-yet  they  cannot  be  supposed  to 
consist  only  of  carbon  and  water.  They  contain  much  more  hydrogen  than 
is  necessary  to  form  water  witli  the  oxygen  which  is  present  in  them.  If^ 
then,  the  carbon  of  these  fats  be  separated,  this  excess  of  hydrogen  will 
also  be  set  free,  and  if  the  former  oe  made  to  combine  witn  oxygen  to 
form  carbonic  acid,  the  latter  must  also  combine  with  hydrogen  to  form 
'water.  Thus  two  chemical  changes  must  fp  on  simultaneously,  for 
which  more  oxygen  will  be  required,  and  which  involve  more  labour  in 
the  system  than  when  the  carbon  alone  is  to  be  combined  with  oxygen. 
It  is  natural,  therefore,  that  where  both  starch  and  oil  are  present  to- 
gether, the  former  should  be  first  converted  to  the  uses  of  the  lunes,  the 
latter  only  when  the  supply  of  starch  or  sugar  has  been  exhausted. 

*  Tb«  ohenlMl iMd«r  will  midantaiHl  thatlum  kart.^oly fivtag  a  poyntar «lsw of  (ks 
'  Jbtal  retuU  of  the  Mteral  clMogM  Uuottgk  wbieb  ib«  eaitsii  no  douM  pssMS  kstes  tt 
&fe#ssia  lbs  ftni  sf  oBboolo  sold. 


594  rt7ftP08Xft  tBBvxD  »r  BwnmATio*. 

There  appears,  therefore,  to  be  a  boaiidfal  adaptadoo  ta  die-wiobal 
convenience  of  animab  in  the  large  propordoa  of  starch,  j^tun,  aod  sspt 
which  the  more  abundant  varieties  or  vegetable  food  cootaios.  In  oKtangf 
carbon  from  these,  the  least  possible  laboar,  so  to  noeak,  is  imposed  ^a 
the  digestive  organs  of  th^  herbivorous  races.  The  starch  mad  mpt 
abound  because  much  carbon  is  required,  while  fatty  matter  or  afl  ii 
present  in  smaller  quantity,  because  comparatively  liule  of  tins  is  i 
saiv  to  the  perform^ance  of  the  usual  healthy  functions  of  the 
body.  And  it  is  another  adaptation  of  the  living  body  to  the  c 
stances  in  which  it  may  be  placed,  that  when  staich  or  sugar  caonot  ke 
obtained,  the  oil  of  the  food  is  coosumed  for  the  supply  of  carbon  lotk 
lunss— and  failing  this  also,  the  gluten  and  albumen^of /he  vegetable  koi 
or  the  muscular  fibre  of  the  animal  (bod,  or  even  of  the  living  aniaoal  tf- 
self. 

3°.  Purposes  served  hy  retinration.-— But  for  what  purpose  esaeotial  lo 
life  do  animals  respire  ?  If  the  starch  and  sugar  be  so  aeoessary  mfeti 
the  respiration— the  breathing  itself  must  be  of  vital  importaxice  id  tbs 
living  animal. 

Some  doubts  still  exist  upon  this  point.  It  b  generally  balieved, 
however,  that  carbon  is  consumed  or  j^ven  off  from  the  lungs  for  the  pur- 
pose of  sustaining  the  heat  of  the  livmg  body.  When  stainh,  or  sugar, 
or  gum,  are  burned  in  the  open  air,  they  are  changed  into  carbonic  acid 
and  water,  and  at  the  same  time  produce  much  heat.  It  i»  supposed  tbst 
in  the  bod^r  the  same  cliange— the  conversion  of  starch  aod  sugar  ims 
carbonic  acid  and  waterr-talung  place,  heat  must  in  like  maooer  be  pco- 
duced.  A  slow  combustion,  in  short,  is  supposed  to  be  going  on  in  the 
interior  of  the  animal— the  heat  of  the  body  being  greater,  ia  propoitiao 
to  the  quantity  of  carbonic  acid  given  oflf  uom  the  lungs.  In  favour  of 
this  view  many  stronc;  reasons  have  been  advanced,  but  there  are  also 
objections  against  it  of  considerable  weight,  which  cannot  as  yet  be  aadt- 
factorily  removed. 

Were  we  to  adopt  this  opinion  in  regard  to  the  main  purpose  served  by 
respircuioo  as  the  true  one,  it  would  aSfbrd  a  very  distinct  reason  for  the 
large  amount  of  starch  existing  in  all  our  cultivated  crops.  Resptratioo, 
according  to  this  view,  is  necessary  to  supply  heat  to  the  animal,  and 
this  respiration  is  most  simply  and  easily  fed  by  the  starch  contaioed  in 
the  vegetable  food.  The  life  and  lalKiurs  of  the  plant  again  muuster  lo 
the  life  and  labours  of  the  animal. 

§  4.  Of  the  origin  and  the  purposes  served  hy  the  fat  of  animals. 

1  ° .  The  immediate  origin  or  source  of  the  fat  of  animals  de  pends  upon 
the  kind  of  food  with  which  the  animal  is  fed.  Carnivorous  animals 
obtain  or  extract  it  ready  formed  from  the  flesh  they  eat— herbivorous 
animals  from  the  vegetable  food  on  which  they  live. 

It  has  only  been  lately  shown  that  the  corn,  hay,  roots,  and  herbage, 
on  which  cattle  are  fed,  contain  a  sufficient  quantity  of  oily  matter  ready 
formed  to  supply  all  the  fat  which  accumulates  in  their  bodies^— or  which, 
by  the  milk  cow,  is  yielded  in  the  form  of  butter.  Before  the  diAereot 
kinds  of  food  had  been  analyzed,  with  the  view  of  determining  the  Quan- 
tity of  oil  and  fat  they  severally  contain,  it  was  supposed  that  the  fat  of 
animals  was  derived  almost  solely  from  the  staich  and  s«gar  or  gum,  of 
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a^^-  which  io  large  a  proportion  of  vegetable  food  consists.  This  opinioo, 
oiiMii  bowever,  has  given  way  before  the  advance  of  analytical  researclb  - 
^aicm  Animals  fatten  quickest  upon  Indian  com,  or  oil  cake,  or  oil  mixed  with 
i^floL*  chopped  straw,  or  upon  oily  seeds  and  nuts— K»r,  as  in  the  case  of  poultry* 
^g  on  a  mixture  of  meal  or  suet— because  these  kinds^of  food  contain  a  large 
k  kfi  Proportion  of  fatty  matter  ready  formed  which  the  animal  can  easily  ex- 
^^  j^.  tract,  and  after  a  slight  chemicaj  change  can  convert  into  a  portion  of  its 
j^,    own  subcftance. 

,  ^.         The  conversion  of  starch  or  sugar  into  fat  in  the  animal  body  implies 

J^^f     a  chemical  chan^  of  a  less  simple  nature— one  which  seems  to  impose 

^,      upon  the  vital  principle  a^greater  amount  of  labour  than  is  implied  in  the 

^^       simple  appropriation  of  the  fat  which  exists  ready  fbrnu^d  in  the  food.   If, 

'^^      then,  there  be  in  the  food  as  much  fat  as  is  necessary  to  supply  all  that 

the  animal  appropriates  to  itself,  and  if  it  is  observed  to  lav  on  or  appro- 

priate  more  when  the  food  is  richer  in  fatty  oils,  we  are  led  to  believe 

^      that  the  natural  purpose  served  by  the  oil  in  the  vegetable  food  is  to  supply 

,  the  fat  of  the  animal  body.     In  other  words,  the  vefi;etable  ministers  to  the 

'        animal  and  lessens  its  labour  by  preparing  beforehand  the  materials  oat 

^       of  which  the  animal  b  to  build  up  the  fatty  parts  of  its  body. 

^  But  though  this  is  the  general  source  of  the  fat  of  animals,  circnm- 

2        stances  may  occur  in  which  the  only  vegetable  food  which  the  animal  can 

*'\        procure  does  not  contain  a  sufficient  proportion  of  fat  to  supply  all  the 

^  wants  of  its  bod  y— or  to  enable  it  to  perform  the  several  natnral  functions 

^^        h  is  destined  to  fulfil.    Thns  wax  b  a  kind  of  fat,  and  it  has  been  shown 

*'        (Milne  Edwards)  that,  when  fed  upon  pure  sugar,  the  bee  is  capable  of 

"^         forming  wax  from  its  food.     When  fed  upon  such  sugar,  it  not  only  lava 

^  up  a  store  of  honey,  but  it  continues  to  build  its  cells  of  wax.    Now  tne 

r  starch  of  the  food  is  readily  changed  into  sugar.     It  may  be  so  changed 

'^         in  the  stomach  of  man  and  of  other  animals.    That  power  which  the  bee 

*  possesses  they  also  may  in  cases  of  emergency  be  able  to  exercise* 

'*  Where  a  sutncient  supply  of  oil  for  the  necessary  uses  of  the  animal  is 

not  contained  in  the  food  it  eats,  it  may  form  an  additional  portion  from 

^  the  starch  or  sugar  in  which  its  food  abounds. 

^  According  to  the  present  state  of  our  knowledge,  therefore,  the  most 

probable  opinion  in  regard  to  the  origin  of  tne  fat  of  animals  seems  to  be 

'  expressed  in  these  two  proposition. 

a.  That  the  fat  of  animals  is  contuned  ready  formed,  and  is  usually 
derived  from  the  vegetable  or  other  food  on  which  they  live-— and  that 
I  when  the  food  abounds  largely  in  fat,  the  animal  lays  it  more  quickly 

and  abundantly  npon  its  own  body. 

6.  That  when  the  food  does  not  contain  a  sufficient  proportion  of  fat  to 
enable  the  animal  comfortably  to  perform  the  various  functions  of  its 
body,  it  has  the  power  to  form  an  additional  quantity  from  the  starch  or 
sugar  it  eats— but  that  it  will  not  readily  fatten  or  lav  on  large  additions 
of  fat  upon  its  body  when  fed  upon  farinaceou8«  saccharine,  or  other  food 
in  which  oil  is  not  naturally  contained.* 

For  rhe  Mke  of  the  chemical  mder  I  may  be  prrmltteO  here  to  show  bj  what  Und  of 
...  .      -     .      .   .  .TnMiyr     •         ... 


chemical  ehanffea— P,  the  (ai  oranlmaia  in  xen^nii  Diay  be  derived  from  the  staich  or 

of  dieir  foiKl :  and  2°,  bow  the  pTuHar  kinda  of  fiu  contained  in  the  body  c(  aiiy  (Ivco  aoK 
mat  may  be  liirmpd  from  the  peculiar  kinds  of  fai  contained  in  its  ibofl. 

}o.  Jww  fat  muu  be  formed  from  otarek  or  safor.—Theee  two  siibilaiicei,  as  wo  bsve 

pwdy  ssf,  SMy  W  rsfwaaand  by  catboa  taAmammJs^ 
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90.  T%e  furpoHi  $erved  Ay  1^  fal.^^ln  all  healthy  axumals  wfaadi 
i«ke  a  tutficient  quandcy  of  exsrciae  to  maintain  them  m  a  healthy  con- 
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r— arail  _, 

by  Ci8  Hit  On 


mtcnk, «0MlflltiforU  -I-    iO,  ffcpwiMted  hy  Cit  Hw  Ow 


OxiM  Mtfor,  Qon«(«Cli«  of  U   +    11,  rop^Meoted  bj  Cm  Bu 
T\a,  a^n,  m  tr^snao  for  exsmpto,  Ura  solid  ftrt  or  the  huaiw  i>ody,  b 
0N,  MtfCe,)  by  C«t  H  «  Os    C«*mpira  Ihli  «itb  4  of  Mfth,  tnil  «v^  h»\'«— 

4orel»reh  =  i;«  Hm  Om 

1  oroMffarliie s  C^  flu  Oi. 

PURiwmoo s  Cii  Hi  0<i 

This  dUlbrance  U  e({aal  ui,  or  nuj  be  reprMenrod  by, 

U  of  em-boote  Mid  «4-  4  of  wMer  4-  •  of  oxygen 

llOOa  -i-4flO  -f       90 

8o  thm  by  the  eepenitloo  of  earbooic  acid,  which  niey  be  given  o(f  ftom  the  I 

weier,  which  mey  or  may  not  rem'Ufi  in  the  iyaiem,— eod  of  a  poftiott  of  oxygen,  vMcb 

Biy  b«  n«ed  op  In  vnTioua  «nye  In  Ibe  blood,  the  abweh  or  aqpir  of  the  food  muf  hm  «•» 

verted  Inlu  fat. 


T.I  y  In  wxan  such  way  theee  eubetanoes  teiy  bo  ehanged  into  the  te  of  anlanla  «••  AM 
foafaied  upon  and  esplaloed  by  Llebig;  aod  i(  ia  pMbable.  a«  I  have  aeM  In  the  leoL  ikat  m 
oaee<  of  em^rxonoy  fai  la  reaUy  ibraie<l  in  the  aaimal  bo<ly  from  such  ktaida  of  i^)od.  Boi 
wh«n  Liebi(  put  forth  his  wtWM  on  this  eahjeet,  U  wae  not  known  that  vegetable  autwiaaeeo 
iMtiinitly  confeined  so  laive  a  propoitind  of  Ibt  aa  h4e  ainee  been  fooad  tai  ib^ai.  Tue  n*- 
oeeelty  Cnr  the  o>a«»nt  pfbduoiion  or  Ibraialioo  of  lal  In  the  body  ttaell,  Uierefore,  la  not  aam 
so  app^rAot,  and  (he  anundeat  opinloOf  according  (o  our  pmaent  knowleilfre,  aeettato  be 
thar.  wtille  the  Tecetable  food  lUtiattf  wppltee  air  the  fbt  raexty  formed  which  the  anloial  r»- 


qnti 

JllIM 


ire^,  yet  th^t  a  ooQvenlos  of  a  oectalo  part  of  the  elarch,  gum.  en^u-,  aod  even  of  Uie  eel* 
_  jiitr  fibre  of  the  food,  iolo  fat,  may  take  place,  when  all  the  waotd  of  thi-  body  arn  not  ma^ 
pll«»«l  by  rhe  fot  which  the  food  natnratty  eootatoe.  Of  conrae  thia  opinion  appUoa  oaly  m 
•nimala  in  perfeec  health.  In  oertain  diaaaaed  alatea  of  the  b»dy  a  laim-  aod  tm»n  ooa- 
•TAnt  prodnciion  of  te  frpm  the  foo^  n^y  take  plaee.  ea  appeara  to  be  the  caae  iu  animole 
whlr.h  no  diminiuton  of  food  aeema  to  preveor  from  laytnc  on  fat. 

mtknfoiid. 

a.  We  h.\ve  already  aeen  (p.  689)  that  the  aolliT  part  of  btitler,  of  olive  oil.  and  of  the  foooa^ 
la  Idwtlnal  with  the  eoiid  fot  of  the  hnnao  bodv.  when  eaten  by  man,  therafore.  theoa  m>- 
veral  kind*  of  fat  may  be  at  once  conveyed,  wtthoiit  change,  fmm  the  aiomacli  to  the  oevcfal 
part*  of  ihA  body  when)  they  are  reqalred.  From  thla  circumauuoe  theae  klnda  of  fai  ■een 
remarkably  fitted  for  the  foo.l  of  man. 

6.  The  aolid  fot  of  the  ox  and  the  ehoep  ie  oalled  itMrinoj^  UjH»n  thla  man  livea  maeb 
and  converta  U  Into  the  aolid  fot  (aurgariae)  of  hie  own  body.  Thla  may  take  place  altar 
the  foUowtog  nunner  :— 

2ofmafiaftiM sOnIiiiOtt 

lofoteariae ssCnHstOi 

DUhnnoe  • atOs  lb   Oi 

If  we  double  Chia  diflbreooe,  we  have  C«  Hs  Os  ;  which  ia  rhn  formo'a  for  laetle  add. 
Becent  i^Marchee,  however,  have  failed  In  detecting  thla  aeld  In  the  Mootl— If  It  be  formed 
at  alt  therefore,  it  must  exist  only  in  a  tvanaWoo  awte,  and  m'lat  b^  apeedUy  eooverted  Me 
other  oompoitoda.  The  final  reauk  may  poaaiMy  bf  the  enthition  of  the  3  of  earboa  (Ui  ) 
by  the  li»iM[«  la  the  form  of  carbonic  acid. 

e  That  the  bxly  or  ha  pane  poaaeos  the  power  of  eaatty  umaformlniflheai*  dlfl^rent  kiada 
of  fol  ooe  lam  the  other,  we  liaow,  alao.  deom  ottier  focta.  Tims  th^  calf  Uvea  upon  mltlu 
tml  fn)m  the  two  kinds  of  fot  contained  In  the  ornam  of  thA  milk.  It  fi>rm4  the  a^lld  and  Oi|qM 
lata  of  Ita  own  body.  The  atearfne  of  the  aofantl  In  this  caae  may  be  fwaied  fmm  the  aaaf^ 
carina  of  thn  bfiuer,  beios  eiartly  the  convene  of  the  previoua  caae,  while  the  butter  oU  na/ 
be  chanced  into  the  Uquid  fat  of  thf  tallow. 

Tula  laitor  la  more  iliflloah  to  expiain,  ainee  (he  eompoalflon  of  ekhie— thft  liquid  fot  of 
Ae  ox,  calf,  and  aheep^-eomparad  with  that  cf  butter  oil,  pfeaaata  a  ooaaideiable  aiflbraaaa. 
Thaa— 

Blabie ss  Cit  Rii  Of 

^      roil ssCtT  HaOi 


What  beeomea  of  thla  dlflbrence,  Cie  lit,  we  an  onable  aa  yet  preeioalr  m  aiplaba.    Wf 

je  In'ervenrton  of  a  Utile  oxygen  It  micht  readily  g|vs  rise  to  a  llRl*'  more  fat. 

d.  Tne  cow  aod  calf  loaetmr,  however,  Alustnle  very  clearly  the  exiaieace  of  tide  t 


foimlns  power  of  the  animal  tuMly     We  are  nnaeqnalnted,  as  yet.  with  the  compnsicioa  «C 
the  Mavenil  kinds  of  fbt  which  ocear  in  vegetahlee-'hut  we  know  that  oat  of  iheee  the  oow 


can  form  the  two  kinda  of  fat— the  Maartne  and  the  elaliie—wluoh  eitiai  in  ita  own  tallowy 
«id  at  iheeame  time  iha  two  kinds  of  fofr-autgariae  and  buueivoU--whiGb  are  foimd  telta 
milk.   Theeal^  agiiiHeuiah^ikilnwrMolMar  fotolMi>lbiM«*le|ilto4^ 


PURPOtn  SXETXD  BT  TAX  VAT.  ttT 

I  4itioo,  the  principal  purpoties  served  by  the  fat  are  simple  and  the  same. 

It  lubricates  the  joinm— covers  and  protects  the  internal  viscera— keeps 
the  muscles  separate,  and  enables  them  to  play  freely  among  each  oiher 
—makes  tJie  hair  and  skin  sofl  and  flexible,— and,  by  filling  up  hollows, 
'  contributes  lo  the  roundness  and  plumpness  of  the  parts,  and  defends  the 

extremities  of  the  bones  from  external  injury.  When  exercise  is  takefa, 
a  portion  of  the  fat  of  the  body  appears  to  be  more  or  less  changed  and 
removed^  aiul  is  afterwards  found  in  the  perspirauon,  or  in  the  dung.  It 
ia  to  makff  up  for  this  natural  waste  that  all  animals,  even  when  Uie  fat 
of  their  body  under^pes  no  increase,  require  a  certain  supply  to  be  daily 
(  given  to  them  in  their  food. 

'  The  accumulation  of  fat  in  animals  seems  to  be  an  efibrt  of  nature  to 

lay  in  a  store  of  food  in  time  of  plenty,  which  may  be  made  available  in 
I  the  performance  of  the  usual  functions  of  the  animal  when  a  time  of 

'  flcarcity  comes.     If  the  food  contain  too  little  oil  to  lubricate  the  joints 

r  and  to  supply  the  natural  waste  of  this  kind  of  matter,  then  the  store  of 

\  fat  which  has  been  accumulated  in  time  of  plenty  is  drawn  upon,  a  por- 

tion of  it  is  worked  up,  so  to  speak,  and  the  fat  of  the  body  diminishes  in 
cpaantity.  We  have  seen  also  that  the  respiration  of  carnivorous  ai^imals 
18  supported  at  the  expense  of  the  fat  which  they  eat — and  thai  the  lean- 
ness which  attends  upon  starvation  is  owing  to  the  &t  of  the  living  body 
beingcoosumed  in  supplying thecarbon given  oEffrom  the  lungs.  Another 
purpose,  therefore,  for  which  animals  seem  to  be  invested  wiSi  the  power 
of  laying  on  fat,  is,  that  a  store  of  food  for  the  purposes  of  respiration 
maj/  be  carried  about  in  the  body  itself,  to  meet  any  unusual  demand 
which  the  food  may  not  be  able  wholly  to  supply. 

^5.  Of  the  natural  v>€L9U  of  (he  partM  of  the  body  in  a  full  grown  onimaL 
We  have  seen  that,  if  the  food  of  the  animal  be  unable  to  supply  the 
carbon  given  off  from  the  lungs,  and  the  fat  which  the  movements  of  the 
limbs  require,  the  parts  of  the  bo<ly  themselves  are  laid  nnder  contribu- 
tion in  Older  to  supply  tJiese  substances.  Thus,  when  the  food  is  stinted, 
the  body  necessarily  undergoes  a  waste  from  this  cause. 

But  this  is  not  a  constant  waste.  It  is  prevented  by  t)ie  use  of  a  larger 
quantity  of  food.  The  parts  of  the  body,  however,  do  undergo  a  con- 
stant and  natural  waste,  to  make  up  for  which  is  one  of  the  main  pur- 
poses served  by  the  food. 

It  has  been  ascertained  by  physiologists,  that  all  the  parts  of  the  body 
undergo  a  slow  and  insensible  process  of  renewal.  The  hair  and  the  naiu 
we  can  see  to  be  constantly  renewed.  They  grow,  or  are  thrust  out- 
wards.   But  the  muscles  and  even  the  bones  are  by  little  and  little  re- 

mll  w  thac  of  tta  mother,  nquirea.  And,  lastly,  m*ii  hj  Mtinf  the  fet  of  (he  calf  can  f» 
conTert  ir  fanto  marirarine  and  those  other  huj  autwiaocec  which  are  Iband  In  the  varfcios 
parta  of  hia  body. ,  Subatancei  which  can  (hua  ao  freqaenthr  and  ao  readily  be  chanf  ed,  the 
one  Into  the  other,  muat  be  very  elocely  e<»>nec(ed,  and  the  mmle  4n  which  Ihelr  oAliial 
tranarormaUona  are  effected  will,  no  doabc,  prove  to  be  almple  when  theae  are  rigluly  im- 


The  chemical  render  will  nnderaiand  that  It  la  for  Che  aake  of  aimpllcUy  onhr  thai  I  have 
In  this  note  compared  logerher  (he  entire  fata  iCearlne,  maifarlne,  Ac.,  iosfead  of  (he  fktty 
ncMa  only  which  they  are  known  to  contain. 

The  reader  wftt  conenlt  whh  much  ndvanrace  and  aadatetton  npon  thia  auhjeor,  a  wnrk 
upon  OhMBlciJ  Phyaiok^Ky,  l>y  Profeaaor  Mulder,  of  Utrechk  (Proeee  ttner  AlgwmMm  Pkff' 
dato  gimh^  aehtUamdey  p.  980^  c<  aae.)  of  which  I  am  happy  lo  aay  that  a  tnuisladon  AtMi 
the  Poich  ia  «>o^ggfy  >7  WJ  msliUmi  Mr.  fimnhii,  and  wfli  spsndHy  be  puhMShsd 


MS  VOOB   BCqUUiTX  rOft  THE  VATUEAl.  WAtTX. 

moved  inwardly  and  rejected  in  the  excretions— ^e  place  of  that  whU 
IB  removed  being  supplied  by  new  pordons  of  matter  deriTed  fiom  the 
food. 

This  removal,  though  unfelt  by  ns^  goes  on  so  rapidly  that  in  a  space 
of  time,  which  varies  from  one  to  five  years,  the  whole  body  of  the  ani- 
mal b  renewed.  There  does  not  remain,  it  is  said,  in  any  of  oor  bodies, 
a  single  particle  of  the  same  matter  which  formed  their  subetance  three 
or  five  years  ago.  It  is  just  as  if  we  were  to  take  a  single  old  brick  every 
day  out  of  the  comer  of  a  house,  and  pot  in  a  new  one— the  form  and 
dimensions  of  the  house  would  remain  unaltered,  and  yet  in  the  oouise 
of  a  few  years  its  walls  would  be  entirely  renewed. 

In  full  grown  animals,  some  parts  of  the  body  are  renewed  move  n- 
pidly  than  uthera— the  mnscles,  for  example,  more  frequently  and  rapidly 
than  the  bones  and  the  brain.  In  young  animals,  again,  the  whole  body 
is  oflener  renewed  than  in  such .  as  are  advanced  in  years,  but  all  the 
parts  of  all  animals  are  believed  to  be  more  or  less  quickly  removed  and 
replaced. 

The  new  materials  which  are  conveyed  to  the  different  parts  of  the 
body  are  derived  directly  from  the  food.  The  fibrin  of  the  mnseles  is 
lepfaced  fnim  the  gluten  which  the  food  contains— the  fat  from  its  oii— - 
and  the  earthy  matter  of  the  bones  and  the  salts  of  the  blood,  from  the 
phosphates  and  valine  substances  which  are  naturally  present  in  it.  On 
the  other  hand,  those  parts  which  are  extracted  from  the  muscles  and 
bones,  and  carried  off  in  the  excretions,  are  decomposed  during  their  re- 
moval. New  chemical  compounds  are  produced  from  them,  which  are 
found  in  the  urine  and  dung  of  the  animal,  and  which  give  to  these  ex- 
cretions their  richness  and  value  in  the  manuring  of  the  soil. 

J  6.  Of  (he  kind  and  quantity  of  food  necessary  to  make  up  for  (he  naiurai 
waste  tn  the  body  of  a  full  grown  animal* 

The  substances  which  constantly  disappear  from  the  body  in  conse^ 
quence  of  the  natural  waste  above  described,  are  of  three  kinds-^he  JEM» 
and  other  analogous  organic  compounds,  which  form  the  muscles  and  the 
cartilage  of  the  bones— the  earthy  phosphates  (of  lime  and  magnesia), 
which  form  so  large  a  proportion  of  the  oones,  and  exist  in  small  quan- 
tity in  the  muscles  also— and  the  soluble  saline  substances,  which  abound 
in  the  blood  and  in  the  other  fluids  of  the  living  animal.  In  the  solid  and 
liquid  excretions,  a  larger  quantity  of  each  of  these  three  classes  of  com- 
pounds is  carried  out  of  the  body.  Huw  much  of  each  must  be  contained 
m  the  daily  food  of  a  full-grown  animal  in  order  that  it  may  be  kept  in 
its  actual  condition? 

1°.  Quantity  of  fibrin  or  other  analogous  compounds  (albumen  or 
easefn\  which  the  daily  food  must  contain, — ^The  most  accurate  experi- 
mepts  that  have  yet  been  niade  upou  this  subject  (Lecaim)  appear  to 
show  that  a  full  grown  man  rejects  in  his  urine  alone  about  half «an  ounce 
of  nitrogen  (230  prs.)  every  24  hours.  This  quantity  of  nitrogen  is  con- 
tained in  about  three  ounces  of  dry  muscular  fibre,  which  must,  therefore^ 
every  day  be  decomposed  or  removed  in  order  to  yield  it. 

But  if  the  body  is  kept  in  eoadition,  this  quantity  of  fibrin  must  be 
daily  restored  agam  by  the  food.  Now,  to  supply  three  ounces  of  dry 
fibnn,  there  must  be  eaten  about— 


tc 


I  ur  «n  BODY  or  a  nwL-tfBowN  amwiuu  Mi 

f :  30  omees  of  whoaten  floor ;  or 

n  45      «'      of  wheaten  bread ;  or 

14      **      of  fresh  beef  or  mutton ;  or 
c  12      *'      of  pease  or  bean  meal ;  or 

IT  4      **      of  cheese;* 

Or,  if  we  live  wholly  upon  potatoes  or  milk,  we  must  eat  no  less  than 
(  six  or  seven  pounds  of  the  former  daily,  or  drink  three  or  four  imperial 

I  pints  of  the  latter— if  we  would  restore  to  the  body  as  much  of  the  sub- 

1  stance  of  its  mosdes  and  cartilage  as  is  daily  removed  from  it  by  the 

j  urine. 

But  the  urine  is  not  the  only  channel  thraugfa  which  nitrogen  is  ^ven 
,  off  from  the  animal  body.    A  coDsiderable,  though,  of  course,  a  variable 

0  proportkm  is  ftnind  in  the  solid  excretions  or  dung,  which  has  also  been 

f  derived  fiom  the  substance  of  the  body  itself.    A  small  quantity  of  ni- 

u  tiogen  is  believed  to  be  given  odT  from  the  lungs  also  in  breathmg,  and 

,  from  the  skin  in  the  perspiration,  which  nitrosen  must  have  been  either 

directly  or  indirectly  derived  fiom  the  food.    And,  lastly,  of  the  fibrin  or 
f  other  md  containing  nitrogen  which  may  be  introduced  into  the  stomach, 

,  a  portion  must  pass  the  mouths  of  the  absorbent  vessels  as  it  descends 

,  dirottgh  the  intestines  and  thus  escape  with  the  dung,  without  having 

J  perlbnned  its  part  in  the  ordinary  nourishnient  of  the  Ixxly. 

It  is  impossible  to  maae  any  correct  estimate  of  the  amount  of  nitrogen 
which  escapes  fiom  the  animal  in  the  several  ways  just  noticed— in  the 
solid  excretions  from  the  lungs  and  from  the  skin— or  of  the  quandty  of 
ibod  which  b  necessary  to  supply  its  place.  If  we  suppose  the  loss 
through  all  these  sources  taken  together  to  be  eaual  to  one-half  or  ti^^o- 
tfairds  of  that  which  is  fimnd  in  the  urine,  then  the  whole  quantity  of  dry 
fibrin  which  tlie  food  ought  to  contain  would  amount  to  four  and  a  half  or 
five  ounces  in  the  day.  To  supply  this,  we  must  eat  of  4^read,  beef^ 
<^eese,  potatoes,  or  milk,  one  half  more  than  the  quantities  already 
specified. 

No  experiments  have  hitherto  oeen  published  from  which  we  can  de- 
termioe  the  average  quantity  of  nitrogen  rejected  in  the  excretions  of  the 
horse,  the  cow,  or  the  sheep,  and,  consequently,  the  amount  of  waste 
which  takes  place  in  ordinary  circumstances  in  the  muscles  and  cartilage 
of  these  animals.     If  we  suppose  that  in  the  horse  or  cow  it  is  in  direct 

Sroportion  to  their  weights,  compared  with  that  of  a  full  grown  man— or 
ve  times  it^reater  than  in  a  man— then  the  loss  of  dry  fibrin  would 
amount  to  20  or  25  ounces  in  the  24  hours.  To  supply  this,  the  animal 
must  eat  the  following  quantities  of  one  or  other  of  the  kinds  of  food  here 
mentioned  :-* 

120  lbs.  of  turnips.  17  lbs.  of  clover  hay. 

«  115    «•    of  wheat  straw.  12    *«    of  pea  stmw. 

75    ••    of  carrots.  12    ••    of  barley, 

67    •*    of  potatoes.  10    ••    of  oats. 

20    •*    of  meadow  hay.  5    *•    of  beans.f 

Or  instead  of  the  whole  quantity  of  an^^  one  of  these,  a  half  or  quarter  or 
any  other  proportion  of  each  may  be  taken,  and  the  animal  will  pro- 

*  Sopposinff  the  wheatao  flour  to  contain  10  per  cent  of  gluten,  end  the  obeeee  one  half 
Us  weight  of  di7  curd  (aee  a]«o  pp.  606  en<l  631.) 
insBS  Busbeis  era  eakoleiad  fett  Ihs  IsMs  g|v«i  In  p^  6U. 


bablybe  fimnd  to  tfarive  bettHrondw  mbflve  thm  if  fed  upon  ny  <■» 
of  these  kinds  of  food  alone. 

2^.  Quantity  of  fixed  mUne  maOer  and  of  earthy  pko^phatei  uikkk 
the  food  ought  to  eonitfifi.— A  fnll  grown  aniniBl  rgects  in  its  doi^  im 
mine,  and  its  penpiratioiit  as  miich  saliae  and  eaithy  matter  as  its 
food  contains.  If  its  body  is  merely  maintained  in  iu  existing  conditiiii^ 
only  that  which  is  letnoved  fiom  it  by  the  daily  waste  ia  lestoied  to  it  bj 
the  daily  food.  Thus  Whateyer  quantity  of  saline  and  eaxihy  matter  ■ 
present  in  the  food,  an  equal  quantity  is  found  in  the  cacnstians  of  tiw 
living  animal. 

But  4iow  much  of  that  which  is  found  in  the  ezeretioos  baa  actually 
formed  part  of  the  living  body,  and  been  «0movcd  from  it  in  conaeqnenes 
of  the  natural  waste  ?  This  we^have  no  means  as  yet  of  detefiiiinin9. 
It  must  be  considerable,  but  it  varies  with  many  circumstances,  and  tw 
experiments  which  have  hitherto  been  made  and  published  do  not  enaUs 
us  to  say  how  much  the  average  waste  really  is,  and  how  much  of  tiia 
several  more  common  kinds  of  food  ought  to  be  consumed  by  a  JwB 
grown  anmal,  in  order  to  supply  it  with  the  neeessary  daily  propoMioB 
of  saline  and  eaithy  substances* 

The  benefits  so  often  darived  from  the  use  of  salt  in  the  feedSiw  af 
stock  show  how  a  judicious  admixture  of  saline  matter  with  the  food 
may  render  its  other  constituenis  more  available  than  they  would  other- 
wise be,  to  the  suppoct  and  increase  of  the  animal:  body. 

}  7.  The  health  of  (he  animal  can  he  suetained  only  &y  a  mixed  food* 

From  what  I  have  already  stated,  yon  see  that  the  vegetable  food  eattu 
by  a  full  grown  animal  for  the  pufpose  of  keeping  up  iu  condition  should 
contain*^ 

1^.  Stardi  or  tugar^  to  supply  the  carbon  given  oflf  in  respiratioiu 

2^.  Fat  or  fatty  oU,  to  supply  the  fattv  matter  which  exists  more  m 
less  abundantly  in  the  bodies  of  all  animals. 

3^.  Ol¥ten  orfibrin^  to  make  up  for  the  aataral  waste  of  the  muades 
and  cartilage. 

4^.  Earthy  phoephaiee,  to  supply  what  is  removed  fiom  the  bones  of 
the  full  grown  animal  by  the  daily  waste ;  an<U- 

6°.  Saline  euhetaneeo  ■  aulphates  and  chlorides— 4o  replace  what  is 
daily  rejected  in  the  excretions. 

Ilenoe  the  food  upon  which  any  animal  can  be  fed  with  the  hope  of 
maintaining  it  in  a  healthy  state  nmui  be  a  mixed  food.  Starch,  or  sunr 
alone,  or  pure  fibrin  or  gelaSine  alone,  will  not  sustain  the  aumal  bodj, 
because  these  substances  do  not  contain  what  is  necessaivto  build  up  all 
its  parts,  or  to  supply  what  is  daily  civen  off  during  respiration  and  ia 
the  excretions.  The  skilful  feeder,  therefore,  will  not  attempt  to  main- 
tain his  stock  on  any  kind  of  food  which  does  not  oontain  a  suflficient 
supply  of  every  one  of  the  kinds  of  matter  which  the  body  requites. 

Two  other  points  he  will  also  attend  to.  Firet,  he  will  occasiooaJly 
change  the  kind  of  food,  or  will  vary  the  proportions  in  which  he  gires 
the  di^erent  kinds  of  fodder  to  his  feeding  stock.  This  practice  n  fininded 
on  the  fact  that,  although  every  crop  he  raises  contains  a  certain  propor- 
tion of  all  the  subsrances  which  fhe  animal  requires,  vet  some  contain 
one  of  these  in  largsr  <yiaiitity  than  othexa  do*  and  by  an  orrnaitmal 


ohaniie  or  variataoQ  he  may  hope  more  fuUy  to  tappljto  the  animal  the 
necetisary  quantity  of  each. 

Seconds  be  will  adapt  the  kind  and  quantity  of  food  to  the  age  of  the 
animal,  and  to  the  other  purpoaes  for  which  it  is  fed.    This  rule  depends 


partly  upon  the  same  fact,  that  dififerent  vegetables  contain  the  several 
kinds  of  necessary  ibod  in  difierent  proportions,  but  in  a  great  degree  also 
upon  the  further  fact,  that  the  animal  requires  these  substances  in  differ- 


ent proportions,  according  to  iu  age  and  to  the  special  purpose  for  which 
it  is  fed.  Let  me  direct  yotir  attention  to  this  latter  fact  a  littler  more 
at  length. 

iB.Ofihe  kind  and  quantUy  ofaddUkmal  food  rtqmtd  by  ihe 
fattening  mnnud^ 

In  the  animal  which  is  increasing  in  size  or  in  weight,  the  food  has  a 
double  function  to  perform.  It  must  ntstain  and  it  must  increaae  the 
body.  To  increase  the  body,  an  additional  quantity  of  food  must  be  con- 
sumed, but  the  kind  or  nature  of  this  additional  food  will  depend  upon 
the  kind  of  increase  which  the  animal  is  making  or  is  intended  to  make. 

One  of  the  important  objects  of  the  stock  farmer  is  to  make  his  full 
grown  animals  lay  on  fat,  so  that  they  may  as  quicklv  as  possible,  and 
at  the  least  cost,  be  made  ready  for  the  butcher.  To  eflfect  this  object, 
he  adjusts  the  kind  and  quantity  of  the  food  he  gives,  to  the  practical  ob- 
ject he  wishes  to  attain. 

We  have  already  seen  reason  to  believe,  that  the  natural  and  imme- 
diate source  of  the  fat  of  animals  is  in  the  oily  matter  which  the  food 
contains.  If  we  wish  onW,  or  chiefly,  to  lay  on  fat,  therefore,  we 
ought  to  give  some  kind  of'^fbod  which  contains  a  larger  proportion  of 
fatty  matter  than  that  upon  which  the  animal  has  been  accustomed  to 
live.  This  is  what  the  practical  man  has  actually  learned  to  do.  To 
his  sheep  and  oxen  he  gives  oil-cake  or  linseed  oil  mixed  with  chopped 
straw,  to  his  dogs  cracklings,*  to  his  seese  and  turkeys  Indian  com, 
which  contains  mnch  oil,  and  to  his  poultry  beef  or  mutton  suet. 

Many  experiments  are  yet  wanting  to  determine  with  accuracy  the 
psDportion  of  fat  contained  in  all  the  diHerent  kinds  of  food  usually  con- 
sumed by  animals.  Nearly  all  we  yet  know  upon  this  subject  is  ex- 
hibited in  the  tabular  view  of  their  composition  to  which  I  have  already 
directed  your  attention  (p.  531.) 

One  thing,  however,  of  considerable  practical  value  has  been  recently 
ascertained— that  the  oily  matter  of  seeds  exists  chiefly  near  their  outer 
surface, — in  or  immediately  under  the  skin  or  husk.  This  fact  is  shown 
in  the  case  of  wheat,  by  the  following  results  of  the  examination  of  two 
varieties  of  this  grain,  one  grown  near  Durham,  the  other  in  France. 
The  result  as  to  me  French  grain  is  given  by  Dumas  :— 


VBB  OSVTASa  or  VATTT  OILi 


Fine  flour    •    •    .    1*6  1*4 

Pollard    .    •    .    •    2-4  4*8 

Boxings  .    •    .    .    3*6  — 

Bran 3-3  5*2 

CracUbiRt  Rre  thA  nMnmr  ptits  of  tlis  nMt  ftnm  whMh  Cho  ft^OowliM  boonlbraMSioit 


MEiiiiRt  Rre  the  nMnnjr  ptiw  of  t  no  mmi  worn  wMeh  om  hhow  am  mm  mr  om  boic 
lapsed  ow  by  the  tallow  ehaodlera.  Misiil  ctOle  aot  bo  fUtonod  upon  eneUiiMi 
and  mixed  with  their otiier  IbodY    lOghC  not  some  tka^^iulttttmoiak  etaois 


oniahed 

aMnd.  Willi  Iktir  ted  te  ms 
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This  fact  of  ibe  existence  of  more  fat  in  the'hnsk  than  in  dte  inner 
part  of  the  grain,  explains  what  often  seems  inexplicable  to  the  practical 
man— why  bran,  namely,  which  appears  to  contain  little  or  no  nooiiefa- 
ing  substance,  should  yet  fatten  pigs  and  other  full  grown  animals,  whea 
given  to  them  in  sutficient  quantity  along  with  their  other  food.  It  aho 
explains  why  rics  dust  shtyuld  be  found  to  fatten  stock,*  though  te 
cleaned  and  prepared  rice  contains  but  little  oil,  and  is  believer),  theie- 
fore,  to  be  unfitted  for  laying  on  fat  upon  animals  with  any  degree  of 
rapidity.  No  doubt  the  dust  from  pearl-barley  and  from  oats,  sa  well  as 
the  husk  of  these  grains,  might  be  economically  employed  by  cfas  stock 
feeder  where  they  oan  readily  be  obtained. 

§  9.  Kind  and  quantity  of  additional  food  required  by  a  growing 
animal. 

The  young  and  growing  animal  requires  also  that  its  food  sfaoold  be 
adjusted  to  iu  peculiar  wants.  In  infancy  the  muscles  and  bones  in* 
crease  rapidly  in  size  when  the  food  is  of  a  proper  kind.  This  food, 
therefore,  should  contain  a  large  supply  of  the  phosphates,  from  which 
bone  is  formed,  and  pf  gluten  or  fibrin,  by  wliich  the  muscles  arc  est- 
larged.  Some  kinds  of  fodder  contain  a  larger  proportion  of  these  phos- 
phates. Such  are  com  seeds  in  general,  and  the  red  clover  among  grass- 
es.  Some  again  contain  more  of  the  materials  of  mnscles.  Such  avs 
beans  and  peas  amonii;  our  usually  cultivated  seeds,  and  tares  and  odiflr 
leguminous  plants  among  our  green  crops. 

Hence  the  skilful  feeder  or  rearer  of  stock  can  often  select  with  jnd^ 
ment  that  kind  of  food  which  will  specially  supply  that  which  the  ani- 
mal, on  account  of  its  at^e  or  rapid  growth,  specially  requires— or  which* 
with  a  view  to  som^  special  object,  he  wishes  his  animal  specially  to  lay 
on.  Does  he  admire  the  fine  bone  of  the  Ayrshire  breed  ?^he  will  try 
to  stint  it  while  youn:^  of  that  kind  of  food  in  which  the  phosphates 
abound.  Djes  he  wish  to  strengthen  his  stock,  and  to  enlarge  their 
bones  ?— -he  will  supply  the  phosphates  liberally  while  the  animal  is 
rapidl^r  growing. 

An  interesting  application  of  these  principles  is  seen  in  the  mode  of 
feeding  calves  adopted  in  different  districts.  Where  they  are  to  be  reared 
for  fattening  stock,  to  be  sold  to  the  butcher  at  two  or  three  years  okl« 
they  are  well  fed  with  good  and  abundant  food  from  the  first,  that  they 
may  grow  rapidly,  attain  a  great  size,  and  carry  much  flesh.  If  starved 
and  stunted  while  young,  they  oflen  fatten  rapidly  when  put  at  last  upoa 
a  ffenerous  diet,  but  they  never  attain  to  their  full  natural  size  and  weight. 

When  they  are  reared  for  breeding  stock  or  for  milkers,  similar  care  is 
taken  of  them  in  the  best  dairy  countries  from  the  first,  though  in  soma 
the  allowance  of  milk  Is  stinted,  and  substitutes  for  milk  are  early  given 
to  the  young  animals. 

ButMt  is  in  rearing  calves  for  the  butcher  that  the  greatest  skill  in 
feeding  is  displayed,  where  long  practice  has  made  the  farmers  expert  in 
this  branch  of  husbandry.  To  the  m?in  who  has  a  calf  and  a  milk  cow^ 
the  principal  question  is,  how  can  I,  in  the  locality  in  which  I  am  placed* 
make  the  most  money  of  my  calf  and  my  mUk  ?  Had  1  better  give 
my  calf  a  little  of  the  milk,  and  sell  the  remainder  in  the  form  of  new 

*  miMdiucto  vmr  too<i  food  for  ftitiMlsi  p^i%  milMi  sawJlBBt  portr,  snd  Is  iwy  psij^ 
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i«  milk—- or  bad  I  better  make  butter  aod  give  the  skimmed  milk  to  my 
^  calves— *or  will  the  veal,  if  I  give  my  calf  all  the  milk,  pay  me  a  beC- 
n  cer  price  in  the  end  ?  The  result  of  many  trials  has  shown,  that  in  some 
P  districts  the  hiffh  price  obtained  for  well  fed  veal  gives  a  greater  pro^t 
^  than  can  be  derived  firom  the  milk  in  any  other  way. 
I.  While  the  calf  is  very  young— Kluring  the  first  two  or  three  week^* 

^  its  bones  and  muscles  cliiefly  grow.  It  requires  the  materials  of  these^ 
^.  therefore,  more  than  fat,  and  hence  half  the  milk  it  gets,  at  first,  may  be 
.  skimmed,  and  a  little  bean  meal  may  be  mixed  with  it  to  add  more  of 
J.  the  casein  or  curd  out  of  which  the  muscles  are  to  be  formed.  The  cos- 
tive eflfect  of  the  bean  meal  must  be  guarded  against  by  occasional  me- 
dicine, if  required. 
>  In  the  next  etage,  more  fat  is  necessary,  and  in  die  third  week  at 

latest,  full  milk,  with  all  its  cream,  shrmld  be  given,  and  more  milk  ihaa 
i  the  mother  supplies  if  the  calf  requires  it.  Or,  instead  of  the  cream,  a 
I  less  cosdy  kind  of  fat  may  be  used.  Oil-cake,  finely  crushed,  or  lin- 
i  aeed  meal,  may  supply  at  a  cheap  rate  die  fat  which,  in  the  form  of 
cream,  sells  for  much  money.  And,  instead  of  the  additional  milk,  bean 
I  meal  in  larger  qaanuty  may  be  tried,  and  if  cautiously  and  skUfully  used, 
r  the  best  efiects  on  the  size  of  the  calf  and  the  firmness  of  the  veal  may 
I         be  anticipated. 

In  the  third  or  fattening  stage,  the  custom  is,  with  the  same  quantity 
of  milk,  to  give  double  its  natural  quantity  of  cream— that  is,  to  supply 
in  this  way  the  fat  which  the  animal  is  wished  chiefly  to  lay  on.  This 
cream  may  either  be  mixed  di reedy  with  the  mother's  milk,  or,  what  is 
better,  the  tUteringB  of  several  cows  may  be  given  to  the  calf  along 
with  its  foocll  For  the  expensive  cream  there  might  no  doubt  be  sub- 
sdtuted  many  cheaper  kinds  of  fat  which  the  young  animal  might  be 
expected  to  appropriate  as  readily  as  it  does  the  fat  of  the  milk.  Lin- 
aeed  meal  is  given  with  economy.  Might  not  vegetable  oils  and  even 
animal  fats  be  made  up  into  emuUions  which  the  calf  would  readily 
swallow,  and  which  would  increase  his  weight  at  an  equally  low  cost  7 
A  fat  pease-soup  has  been  found  to  keep  a  cow  long  in  milk ;  might  it 
not  be  made  profitable  also  to  a  fattening  calf  7 

The  selecdon  of  ardcles  of  food  which  will  specially  increase  the  tixA 
of  the  bones  in  the  growing  animal,  by  supplying  a  large  quandty 
of  the  phosphates,  is  at  present  limited  in  a  considerable  degree.  Tlie 
grain  of  wheat,  barley,  and  oats  is  the  source  from  which  these  phos- 
phates are  most  certainly  and  most  abundantly  supplied  to  the  animals 
that  feed  upon  them.  6ut  in  many  cases  com  is  too  expensive  a  food, 
and  those  kinds  of  corn  which  contam  the  largest  propordon  of  the  phos- 
phates supply  only  a  comparatively  small  quantity  in  a  given  time  to  the 
growing  animal.  Why  should  not  bone-dust  or  hone-meal  be  introduced 
as  an  article  of  general  food  for  growing  animals  7  :  There  is  no  reason 
to  believe  that  animals  would  dislike  it — none  that  they  woukl  be  imabla 
to  digest  it.  With  this  kind  of  food  at  our  command,  we  might  hope  to 
minister  dvreetly  to  the  weak  limbs  of  our  growing  stock,  and  at  pleasure 
to  provide  the  spare-boned  animal  with  the  materials  out  of  which  a 
limb  of  ^reat  strength  might  be  built  up. 

Chemical  analysis  comes  fu^er  to  our  aid  in  pointing  out  the  kind 
of  food  we  ought  ft>  give  for  the  porpotB  of  iocraasing  this  or  chat  psit 


British  Unseed  cake 

• 

.    2-86 

Dutch        do* 

• 

.    2-70 

Poppy  cake      .    . 

• 

.    5-32 

Dodder  cake      .    . 

• 

.     6-67 
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oftfie  animal  body.  Thus  in  regard  to  the  same  growth  of  bone,  it  ap* 
pears  that,  while  linseed  and  outer  oil  cakes  are  mainly  used  with  the 
Tie  w  of  adding  to  the  fat,  some  varieties  are  more  fitted  at  the  same  time 
to  minister  to  the  growth  of  bone  than  others  are.  Thus,  four  -varietiQa 
of  oU-cake  examined  in  my  laboratory,  contained  respectively  of  eartby 
phosphates  and  of  other  inorganic  matter  in  100  lbs.  the  following  quan- 
tities:— 

vsB  omTAOB  or 

rtHtnganhmmtttt. 

2«8er 

2*54 
1*24 
3-37 

The  numbers  in  the  first  column,  opposite  to  poppy  and  dodder  cake» 
•how  that  these  varieties  of  oil-cake  contained  a  much  larger  proportioa 
of  the  phosphates  than  the  others  did,'  and  consequently  that  an  equal 
/weight  of  them  would  yield  to  growing  stock  more  of  tnoee  subacancaa 
Which  are  specially  lequiced  to  build  up  their  increasing  bones. 

§  10.  Kind  and  quantihf  cfaddiHonal  food  required  hy  a 
ffregnanl  onimaL 

The  food  of  the  pregnant  animal  must  sustain  the  full-grown  mother, 
and  must  add  at  the  same  time  to  the  substance  of  her  unborn  vounc. 
The  quantity  of  food  which  is  necessary  to  sustain  the  mother— if  herseUT 
full-grown,  which  is  often  far  from  being  the  <mie— varies  with  many 
circumstances. 

It  is  said  that  in  the  stall  an  ox  or  a  cow  will  eat  one-fif\h  of  its  wei^^t 
of  turnips  in  a  day.  or  one-fiAipth  of  dry  food,  such  as  hay  and  straw. 
With  this  allowance  of  food  the  animal  would  probably  increase  in 
^weight  in  some  decree,— but  according  to  Riedesel  one-sixtieth  of  its 
weight  of  dry  hay  is  necessary  merely  to  sustain  it.  From  what  we 
have  already  seen  of  tlie  composition  of  the  difierent  grasses,  it  is  obvi- 
ous that  the  nnantity  required  will  be  much  affected  by  the  kind  of  hay 
with  which  tne  animal  is  fed. 

To  nourish  the  young  calf  in  the  womb  of  its  mother,  an  additional 
onantity  of  food  must  be  given,  and  this  quantity  roust  be  increased  as 
me  state  of  pregnancy  advances.  And  though  the  kind  of  additional 
food  which  is  given  must  readily  supply  the  materials  of  the  gmwing 
bones  and  muscles  of  the  fcetus,  yet  it  must  contain  also  a  larger  quan- 
tity of  starch  or  sugar  also  than  me  mother  in  her  ordinary  state  would 
require.  This  is  owing  to  the  circumstance  that  the  mother  must  now 
breathe  for  two  animals,  for  herself  and  her  young.  The  quantity  of 
blood  is  increased,  more  oxvgen  is  taken  in  by  tne  lungs,  and  more  caHKn 
is  given  oflf  in  the  form  of  carbonic  acid.  To  supply  this  cartxxi,  more 
of  farinacoons  or  saccharine  food  must  be  eaten  ftom  the  time  when 
pregnancy  takes  place,  and  it  must  increase  as  the  young  animal  en- 
'larges  in  size. 

Except  in  the  way  of  feeding  the  mother,  in  all  respects  well,  I  am 
not  aware  that  any  experiments  have  been  made  with  the  view  of  spe- 
dally  afibcting  the  condition  of  the  future  calf  by  the  kind  of  food  given 
to  tha  mother.    A  epttmn  proportion  of  bona  ana  muscle  so  doubt  moat 
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be  supplied  to  the  young  animal  by  the  food  given  to  the  mother,  or  the 
bones  and  muscles  of  the  mother  herself  will  be  laid  under  contribution  to 
8U|>ply  it — ^but  it  does  not  appear  impossible  to  afiect  the  size  of  the  bone- 
by  the  quantity  of  phosphates  wiiich  are  given  in  the  food,  or  the  growth 
and  development  of  the  muscles  by  that  of  the  gluten,  fibrin,  or  casein 
with  which  the  mother  is  fed.  Might  npt  an  addition  o£  bone-meal  to  the 
food  of  the  pregnant  cow  give  a  calf  of  larger  bone  T  Would  not  bean- 
meal  or  skim-milk  add  to  the  size  of  its  muscles? 

§  11.   Kind  and  quantity  of  additional  food  reqmred  hy  a 
mUking  animal. 

After  the  young  animal  is  bom,  the  mother  has  still  to  foed  it  with  her 
milk.  And  as  the  calf  grows  rapidly,  the  food  it  requires  increases  daily 
with  its  bulk,  and  the  dematids  upon  the  mother  therefore  every  day  be- 
come greater.  At  this  period,  therefore,  the  cow  must  obtain  larger  sup- 
plies of  food  to  sustain  herself  and  to  produce  a  sufficient  quantity  of 
milk  for  her  calf  than  at  any  other  period.  If  these  adequate  supplies 
are  not  given,  a  portion  is  daily  taken  from  her  own  substance— her  body 
becomes  leaner,  and  her  limbs  more  feeble,  while  her  young  also  is 
stinted  and  puny  in  its  growth.   . 

By-and-bye,  however,  the  cairbegins  to  pick  up  food  for  itself.  ^ 
beffins  to  live  partly  upon  vegetables.  The  mother  is  in  consequence 
relieved  of  a  part  of  her  burden — her  udders  are  leas  drawn  upon^the 
quantity  of  milk  secreted  becomes  less^^ehe  begins  again  to  lay  muscle 
and  fat  upou  herself— her  udders  at  length  become  ory,  and  she  slowly 
recovers  her  original  plump  condition.  She  has,  indeed,  at  this  period  a 
tendency  to  fatten  if  the  same  supply  of  food  is  continued  to  her,  and 
in  many  districts  it  is  customary  to  feed  her  off  at  this  time  for  the 
butcher. 

What  I  have  already  said  of  the  artifices  by  which  the  food  given  to 
the  cow  may  possibly  be  made  to  affect  the  bodily  character  of  the  future 
calf,  applies  equally  to  the  means  of  more  or  less  efiectually  promoting 
the  growth  of  the  young  animul  while  it  is  fed  solely  upon  milk.  The 
kind  of  food  given  to  the  mother  may  make  the  milk  richer  in  curd, 
which  will  promote  the  growth  of  muscle— or  richer  in  phosphates,  by 
which  the  enlargement  of  the  bones  of  the  calf  will  be  asnsted.  Scarce  I  y 
any  two  samples  of  milk,  indeed,  are  found,  upon  analysis,  to  contain 
the  same  proportion  of  phosphates  and  of  other  saline  substances,  and 
there  is  little  reason  to  doubt  that  if  an  unusual  quantity  of  these  be  given 
ID  the  food  of  the  mother,  an  unusual  quantity  will  be  found  also  in  the 
milk  she  produces. 

For  the  production  of  milk  the  mother  requires  an  adequate  additional 
supply  of  all  the  substances  which  we  have  seen  to  be  necessary  to  the 
support  of  the  unbom  foetus — of  the  starch  as  well  as  of  the  gluten  and 
saline  substances  of  the  food.  But  it  is  interesting  to  mark  the  vei^  dif- 
ferent purposes  to  which  the  additional  supply  of  starch  in  her  food  is 
now  applied. 

The  pregnant  mother  requires  this  starch  to  supply  the  carbon  given 
off  more  abundantly  during  her  increased  lespiration.  She  breathes,  as 
I  have  already  saidi,  for  her  young  and  for  herself  aod  tbexefore  give* 
ofTmore  carbon  from  her  lungs. 
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But  when  the  young  animal  is  born  it  breathes  for  itself.  It  mm, 
therefore,  be  supphed  with  that  kind  of  food  which  seems  specially  in- 
tended to  meet  the  wants  of  respiration. 

Tbe  additional  starch  eaten  by  tbe  mother,  diesefore,  instead  of  being 
breathed  arway  in  her  own  ]ungs,  is  conveyed  in  the  form  of  sugar  into 
the  food  of  the  vomig  animal.  It  is  changed  into  the  sugar  of  the  znilk« 
and  the  natural  function  of  this  sugar  is  to  supply  the  carbon  which  the 
young  animal  ^ves  ofi*  when  it  beeins  to  breathe  for  itself. 

It  is  not  difficult  to  understand  tbe  kind  of  process  by  which  the 
ataich  of  the  mother*s  food  is  converted  into  the  sugar  of  her  milk.     If  Id 

2  of  starch  ==  24C  +  20H  -f  20O, 
we  add  4  of  water  =  4H  +     40, 

we  have  24C  +  24H  +  240,  which  is  the  formala  for 

milk  sugar.  In  passing  through  the  digestive  organs  of  the  cow,  there- 
fore, the  elements  of  the  2  of  starch  require  omy  to  be  combined  with 
those  of  4  of  water  to  be  converted  into  the  su^ar  of  milk. 

But  though  it  is  not  ditficult  to  understand  in  what  way  this  change 
may  be  effected,  yet  it  is  exceedingly  interesting  to  find  that  such  a 
.chemical  change  as  diis  $hmUd  ht  made  to  commence  at  a  certam  ttpecial 
epoch  with  a  view  to  a  certain  special  end. 
^  Milk  is  a  perfect  food  for  a  growing  animal,  containing  the  curd  which 
is  to  form  the  muscles,  the  butter  which  is  to  supply  the  fat,  the  phoe- 
phates  which  are  to  build  up  the  bones,  and  the  sugar  which  is  to  feed 
the  respiration.  Nothing  is  wanting  in  it.  The  mother  selects  all  the 
ingredients  of  this  perfect  food  from  amons:  the  useless  substances  which 
are  mingled  in  her  own  stomach  with  the  food  she  eats— she  changes 
these  ingredients  chemically  in  such  a  degree  as  to  present  them  to  the 
young  animal  in  a  state  in  which  it  can  most  easily  and  with  least  labour 
employ  them  for  sustaining  its  body— «nd  all  this  she  begins  to  do  at  a 
civen  and  appointed  moment  of  time.  How  beautiful,  l^w  wonderiuL 
how  kindly  provident  is  all  this ! 


But  apart  from  its  natural  use  in  the  economy  of  nature,  milk  may  be 
regarded  as  an  article  of  manufacture— an  important  article  of  agncnl- 
tural  husbandry.  As  a  mere  producer  of  milk  for  other  purposes  thui 
tbe  feeding  of  calves,  the  cow  will  be  difierently  fed  according  to  the  pui^ 
pose  for  which  her  milk  is  intended  to  be  employed,  or  the  form  in  wnich 
It  is  to  be  carried  to  market. 

a.  The  toum  dairyman^  who  sells  his  new  milk  to  daily  customers, 
requires  quantity  rather  than  quality.  He  gives  his  cattle,  therefore^ 
succulent  food  in  which  water  abounds— green  grass-^forced  rapidly  for- 
ward by  irrigation  or  otherwise— green  clover,  young  rye,  brewen^ 
arains,  or  hay  tea.*  In  this  way,  without  the  actual  addition  of  water, 
he  can  make  his  milk  thin,  and  increase  its  bulk. 

h.  Those,  again,  who  desire  much  rich  cream,  or  who  grow  tmOc  fir 

*  A  mfarad  hay  Cat  and  pe«M  aoop,  which  ia  excellant  for  maklv  cows  (We  milk,  to  pr» 
pwed  bj  pnainc  hay  Into  a  pot  in  altaraate  Uyera,  ipriaUing  betwMD  Mi«h  m  ImmIM  oT 
pwM-BMal.addlncwatoraiidbclncinfftoabolL 
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-  One  manufactuft  of  hutter.  pay  less  attention  to  the  bulk  of  the  milk 
itself  than  to  that  of  the  cream  they  can  collect  from  its  surface.  The 
proportion  of  batter  is  increased  by  the  use  of  fopd  which  contains  much 
fatty  matter— K>f  any  of  those  kimis  of  food,  indeed,  by  which  an  ox  can 
be  made  rapidly  to  lay  on  fat.  Oil-cake  has  by  some  been  objected  to 
as  likely  to  give  a  taste  to  the  miUc,  but  it  may  be  safely  used  in  small 
quantity,  and  gives  an  abundant  ^and  good  flavoured  cream. 

c.  In  ekeete  antrUries,  -  again,  it  is  the  curd  that  is  chiefly  in  request. 
No  doubt  the  value  of  a  cheese  depends  much  upon  the  proportion  of 
butter  it  contains  diffused  throughout  its  substance,  but  the  weight  of 
cheese  nroduced  upon  a  farm  depends  mainly  upon  the  quantity  of  curd 
which  the  milk  of  the  dairy  yields.  Where  skim-milk  cheese  is  made, 
the  weight  of  produce  obtained  depends  almost  solely  upon  the  richnesn 
of  the  milk  in  curdy  matter.  Clovers,  vetches,  and  pea  straw  abound  in 
casein  or  vegetable  cord,  and  thus  give  a  rich  and  productive  milk  to  the 
cheese  maker,  while  bean-meal  and  pease-meal,  in  so  far  as  they  can  be 

fiven  to  the  cow  with  safety,  may  with  advantage  be  employed  to  pn>- 
uce  the  same  effect.  As  every  thing  which  tends  to  lay  on  fat  on  the 
animal  is  likely  also  to  increase  the  proportion  of  butter  in  its  milk,  so 
every  thing  which  promotes  the  growth  of  muscle  will  also  add  to  the 
richness  of  the  milk  in  curd  or  cheese. 

§  12.  Influence  of  tize^  etmditum,  iMormih^  erereUef  and  light,  en  ike 
quantUy  of  food  necessary  to  make  Up  for  the  natural  waste. 

But  the  quantity  of  food  of  any  kind  which  an  animal  will  require  is 
aflTected  by  many  circumstances.    Thus— 

1°.  The  size  and  condition  of  the  animal  will  regulate  very  much  the 
quantity  of  food  which  is  necessary  to  sustain  it.  The  larger  the  mus- 
cles and  bones  the  greater  will  be  the  daily  waste,  and  the  greater  the 
quantity,  therefore,  of  the  foofl  necessary  to  replace  it.  If  an  animal  re- 
quire a  60th  or  a  60th  of  its  weight  of  dry  food  daily,  of  course  his  size 
and  weight  will  regulate  almost  entirely  the  quantity  of  food  he  onght  to 
eat. 

A  knowledge  of  this  circumstance  ts  occasionally  of  economical  value 
to  the  stock  feeder  or  dairy  farmer,  and  will  modify  very  much  the  line 
of  conduct  he  may  be  inclined  to  adopt  as  the  most  profitable. 

A  large  animal  requires  more  food  to  keep  it  in  its  actual  condition- 
to  make  up,  that  is,  for  the  natural  waste.  If  you  wish  to  convert  much 
produce  into  much  rich  dung,  therefore,  keep  large  animals.  They  will 
convert  a  large  quantity  of  vegetable  matter  into  manure  without  adding 
any  thing  to  their  own  substance.  If  one-fiflieth  of  its  weight  of  dry 
fiiod  be  necessary  to  sustain  it,  then  an  antmnl  of  100  stones  weight  will 
convert  two  stones  of  hay  daily  into  dung.  Whatever  it  eats  beyond  the 
two  stones,  will  go  to  the  increase  of  its  weight. 

But  a  small  animal,  of  50  stones,  requires  only  one  stone  a  day  to  sns* 
tain  its  body,  or  converts  one  stone  wholly  into  ching.  Whatever  it  eata 
beyond  this  quantity,  therefore,  will  go  to  tbe  production  of  increased 
beef  and  bone.  Hence,  if  I  have  a  given  quantity  of  vegetable  produce, 
[  ought  to  be  able  to  mannfacture  more  beef  from  it  by  the  use  of  small 
eattle  than  of  large,  provided  iliy  large  and  small  stock  are  equally  pun 
in  breed,  are  equally  quiet,  and  are  at  kindly  feeders. 
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The  same  leaaooing  applies  to  dairy  oowa  of  difierent  Inteeda.  If  I 
give  two  ttones  of  hay  to  a  snuul  SheUaod  oow,  she  may  doc  oooTort 
more  diao  oae  of  them  into  dung*  the  other  she  may  oonsome  lor  the 
producdoo  of  milk.  But  if  I  give  the  same  qoantity  to  a  oow  of  clouble 
the  size,  nearly  the  whole  two  stones  may  be  convened  into  dang — maj 
be  employed  in  sustaining  the  animal— and  if  she  yield  any  miik  at  aU, 
it  will  be  poor  and  thin. 

This  reasoninff  accounts  for  the  fad  which  has  been  Igog  obaenred, 
that  small  breeds  of  cattle  give  the  richest  milk,  and  that  such  as  the 
small  Orkney  breed  yield  the  largest  produce  of  butter  and  cheese  from 
the  same  quantity  of  food.  They  waste  less  of  their  food  in  sustaining 
their  own  bodies.  Lean,  spare  cows  also  require  less  to  sustain  them ; 
and  hence  the  skin^and-booe  appearance  of  the  best  milkers  amcMig  the 
Ayrshire  and  Aldemey  breeds. 

2°.  The  quantity  of  cxercUc  which  an  animal  takes,  or  of  fatigue  k 
is  made  to  undergo,  requires  a  proportionate  adjustment  in  the  aaaiiti^ 
of  food.  The  more  it  is  exercised  the  more  frequently  it  breatbea,  tlis 
more  carbon  it  throws  oflffroiii  its  longs,  the  more  starch  or  sugar  con- 
sequently its  food  must  contain.  If  more  is  not  given  to  it,  the  fiit  or 
other  parte  of  the  body  will  be  drawn  upon,  and  the  animal  will  beoonaa 
leaner. 

Again,  the  natural  waste  of  the  muscles  and  bones  is  said  to  be  caused 
by,  or  at  least  to  be  in  proportion  to,  the  degree  of  motion  to  which  the 
several  paru  of  the  body  are  subjected.  Take  more  exerciseii  tberelbie« 
move  one  or  more  limbs  oftener  than  usuaU  and  a  larger  part  of  the  sub- 
stance of  these  limbs  will  be  decomposed,  removed,  and  rejected  in  tha 
excretiiHis.  Hence  the  reason  why  bard  work  requires  good  food,  and 
why  the  strength  of  all  animals  is  diminished,  if  they  be  subjected  to 
great  fatigue  and  are  not  in  an  equal  degree  supplied  wiih  iMurishiiig 
food,  by  which  the  wasting  paru  of  the  body  may  be  again  built  up. 

3°.  The  degree  of  warmA  in  which  the  animal  is  kept,  or  the  tem- 
perature of  tlie  atmosphere  in  wliich  it  lives,  affects  also  the  quantity  of 
food  which  the  animal  requires  to  eat.  The  beat  of  the  animal  is  inoe- 
parably  connected  with  its  respiration.  The  more  frequently  it  breathes, 
the  warmer  it  becomes,  and  the  more  carbon  it  throws  oflf  from  its  longa. 
It  is  believed,  indeed,  by  many,  that  the  main  purpose  of  respiration  is  to 
keep  up  the  beat  of  the  body,  and  that  this  heat  is  produced  very  much 
in  tne  same  way  as  in  a  common  fire,  by  a  slow  combustion  of  (hat  car- 
bon which  escapes  in  the  form  of  carbomc  acid  from  the  luogs.  Place  a 
man  in  a  cold  situation,  and  he  will  either  starve  or  he  will  adopt  soma 
means  of  warming  himself.  He  will  probably  take  exercise,  and  by  this 
means  cause  himself  to  breathe  quicker.  But  to  do  this  for  a  length  of 
time,  he  must  be  supplied  with  more  food. '  For  not  only  does  he  give 
oflf  more  carbon  from  his  lungs,  but  the  exeocise  he  takes  causes  a  greater 
natural  waste  also  of  the  substance  of  his  body. 

So  it  is  with  all  animals.  The  greater  the  differeix^e  between  the  tem- 
perature of  the  body  and  that  of  tm  atmosphere  in  which  they  live,  the 
more  food  they  require  to  **  feed  the  lamp  of  life*'— to  keep  them  warm, 
that  is^  and  to  supply  the  natural  waste.  Hence  the  importance  of  plan- 
tations as  a  shelter  uom  cold  winds  to  graziiig  stock— of  open  sheds  to 
pratect  fkttening  stock  from  the  sightly  daws  and  colds— aiMl  even  of 
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eloMT  covering  to  quiet  and  gentle  breeds  of  cattle  or  sheep,  which  feed 
-without  restlessness  aod  quickly  fatten. 

A  proper  attention  to  the  warmth  of  his  cattle  or  sheep,  therefore,  is  of 
great  practical  consequence  to  the  feeder  of  stock.  By  keeping  them 
'warm  he  diminishes  the  quantity  of  food  which  is  necessary  to  sustain 
them,  and  leaves  a  larger  proportion  for  the  production  of  beef  or 
mutton. 

Various  experiments  have  been  lately  published,  which  confirm  the 
opinions  above  deduced  from  theoretical  considerations.  Of  these  I  shall 
only  mention  one  by  Mr.  Childers,  ia  which  20  sheep  were  folded  in 
the  open  field,  and  20  of  nearly  equal  weight  were  placed  under  a  shed 
in  a  yard.  Both  lots  were  fe'd  ibr  three  months— January,  February, 
and  Inarch— upon  turnips,  as  many  as  they  chose  to  eat,  Balf  a  pound 
of  linseed  cake,  and  half  a  pint  of  barley  each  sheep  per  day,  widi  a 
little  hay  and  salt.  The  sheep  in  the  field  consumed  the  same  quantity 
of  food,  all  the  barley  and  oilH:ake,  and  about  19  lbs.  of  turnips  per  day, 
fiom  first  to  last,  aad  increased  on  the  whole  36  stones  8  lbs.  Those 
ttxider  the  shed  consumed  at  first  as  much  food  as  the  others,  but  after 
the  third  week  they  eat  2  lbs.  of  turnips  each  less  in  the  day,  aod  in  the 
ninth  week,  again  2  lbs.  less,  or  only  15  lbs.  a  day.  Of  the  linseed-cake 
they  also  eat  about  one-third  less  than  the  other  lot,  and  yet  they  in- 
creased in  weight  56  stones  6  lbs.,  or  20  stones  more  than  the  others. 

Thus  the  cold  and  exercise  in  the  field  caused  the  one  lot  to  oooTert 
more  of  their  food  into  dung,  the  other  more  of  it  into  mutton./ 

But  why  did  the  sheltered  sheep  also  consume  less  food  1  Why  did 
they  not  eat  the  rest  of  the  food  offered  them,  and  convert  it  also  into 
mutton  1  Because  the  stomach  of  an  animal  will  not  do  iix>re  than  a 
certain  limited  amount  of  work. in  the  way  of  digesting,  after  the  wants 
of  the  body  are  fully  supplied.  When  circumstances  cause  the  nutotn- 
tag'  quantity  of  fixxl  to  increase,  the  digestive  powers  are  stimulated  into 
unusual  activity,  and  though  plenty  of  food  be  placed  before  the  animal 
it  may  be  unable  to  consume  and  digest  more  than  is  barely  sufficient  to 
keep  It  in  eofidition.  If  the  enstaining  portion  be  lessened,  by  placing 
the  animal  in  new  circumstances,  more  food  may  be  digested  than  is  al^ 
iolutely  necessary  to  snpply  the  daily  waste—that  is  to  say,  the  animal 
may  increase  in  weight.  But  the  unusual  stimulus  being  removed,  it 
may  not  now  be  incliued,  perhaps  not  be  able,  to  digest  so  large  a  quan- 
tity as  it  did  before  when  that  large  quantity  was  necessary  to  sustain  its 
body— diat  is  to  say,  that  while  it  increases  in  weight  it  will  also  con- 
sume less  food. 

4^.  The  absence  tf  tight  has  also  a  material  influence  upon  the  effects 
of  food  in  increasiagthe  size  of#inimals.  Whatever  excites  attention  in 
an  animal,  awakens,  disturbs,  or  makes  it  restless,  appears  to  increase 
the  natural  waste,  and  to  diminish  the  effect  of  food  in  rafndly  enlargiii|g 
the  body.  The  rapidity  with  which  fowls  aie  fattened  m  the  dark  is 
well  known  to  rearers  of  poultry.*  In  India,  the  habit  prevails  of  sew- 
ing up  the  eyelids  of  the  wild  hog-deer,  the  spotted  deer,  and  other  wild 

*  b  is  Mtoolahinf  with  what  npiditx  Ibwto(dorkliifi)  ioerMM  wbeo  well  fsd,  k#pt  In  «oii. 
Coed  crlbi,  and  lo  a  darkened  room.  Fed  en  a  mixture  of  4  Iba.  of  oatmeal,  1  Ih.  of  iueL 
and  I  lb.  o(  auaar,  with  milk  for  drink  five  or  iizlkaen  a  day  tai  auuaar,  a  doftliM  wiH  ada 
lo  He  weight  Silba.  In  a  week,  aometimai  1^  Um.  In  four  daja.  ▲joomtaifcej  wttllajoai 
^1.  a  week,  nndar  tba  lama  uraattMal. 


aoiinals  when  nett^  in  the  janglet*  with  the  view  of  taming  aoiLspeedilj 

fi^eDing  thera.  The  ahseace  ofliuht  indeed,  however  produced,  seems 
to  soothe  aod  quiet  all  aainaals»  to  depose  them  to  rest,  to  make  leas  food 
necessary,  and  to  induce  them  to  stare  up  more  of  what  they  ^at  in  Um 
form  of  fat  and  muscle. 

An  experirhent  made  hy  Mr.  Morton,  on  the  feeding  of  sheep,  show* 
the  efiect  at  once  of  shelter,  of  quiet,  and  of  the  absence  of  light  upon 
the  quantity  of  food  eaten  and  of  mutton  produced  from  it. 

Five  slieep,  of  nearly  equal  weights,  were  fed  each  with  a  poimd  of 
oats  a-day  and  as  mucn  turnips  as  they  cliose  to  eat.  One  was  fed  im 
the  open  air,  two  in  an  open  shed^-one  of  them  being  cooQned  in  a  crih— 
two  more  were  fed  in  a  close  shed  in  the  dark— ^nd  one  of  these  also  was 
confined  in  a  crib,  so  as  to  lessen  as  much  as  possible  the  quantity  of  ex- 
ercise it  should  take.  The  increase  of  live  weight  in  each  of  the  five, 
and  the  quantity  of  turnips  they  respectively  consumed,  appear  in  the 
following  table  :— 


Unsheltersd  ..... 
In  open  sheds    .... 
Do.j  but  confined  in  cribs 
In  a  close  shed  in  the  dark 
Do.,  bat  confined  in  cribs 

From  this  table  it  appears,  as  we  should  have  expected— 
a.  That  much  less— one-tbird  less-p-tumips  was  eaten  by  the  aoiaial 
which  was  sheltered  by  the  open  shed,  than  by  that  which  was  without 
ahel^^r,  while,  in  live  weiji^t  it  gained  four  pounds  more. 

L  That  in  the  dark  the  quantity  of  turnips  eaten  waa  one^half  l»8» 
and  the  increase  of  weight  a  little  greater  still. 

c.  But  that. when  confined  in  cribs-<^hough  the  food  eaten  mi^ht  be  a 
little  less— the  increase  in  weight  was  not  so  great.  The  anmiaL,  in 
foct,  was  fretful  and  restless  in  confinement,  and  whatever  produces  this 
effect  upon  an  animal  prevents  or  retards  iu  fi^ttening. 

d.  That  the  most  profitable  return  of  mutton  from  the  food  consumed, 
is  w:hen  the  animal  is  kept  under  shelter  and  in  the  dark. 

Such  a  mode  of  keeping  animals,  however,  most  not  be  entered  upon 
hasdly  or  without  due  consideration.  The  liabits  of  the  breed  ouist  be 
taken  into  account,  the  effect  of  the  confinement  upon  their  health  must 
be  frequently  attended  to,  aqd,  above  all,  the  ready  admission  of  fresh  air 
and  a  good  ventilation  must  not  be  forgotte^.  By  a  neglect  of  tlie  pro- 
per precautions,  unfortunate  results  have  frequently  been  obtained  and  a 
sound,  practice  broi^ht  into  disrepute. 

5^.  yenUlation  and  cUaniines*  indeed  are  important  helps  to  economy, 
in  the  feeding  of  all  animals.  Shelter  and  warmth  will  do  harm,  if  free 
and  pure  air  is  not  admitted  to  the  fattening  stock.  The  same  is  true  of 
cleanliness,  so  favourable  to  the  health  of  all  animals..  The  cleaner 
their  houses  and  skins  are  kept,  the  more  they  thrive  under  any  giyea 
foria  of  treatment  iu  other  respepts. 
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§  13.  Influence  of  the  form  or  state  in  which  the  food  is  given  on  ike 
quantity  required  ky  on  anifnaL 
The  state  ia  which  the  food  is  giveu  to  his  stock  has  often  an  important 
influence  upon  the  profits  of  the  ^eder.     Thus— - 

1^.  The  souring  of  the  food,  In  some  cases,  makes  its  use  more  ecooo- 
mical.  Arthur  Young  details  several  series  of  experiments  on  the  fat« 
tening  of  pigs,  in  which  bean  meal  was  given  mixed  with  water  in  tho 
BW^eet  state,  and  after  it  bad  been  allowed  to  stand  several  days  to  sour. 
In  every  case  in  which  it  was  given  sour,  the  pork  obtained  gave  a  profit 
upon  the  price  of  the  meal,  while  in  every  case  in  which  the  same  meal 
was  given  sweet  and  in  equal  quantity,  the  price  obtained  for  the  pork 
was  less  than  that  which  was  paid  for  the  meal. 

Upon  sour  food,  indeed,  pigs  are  universally  observed  to  fatten  best. 
In  Ilolstein,  it  is  customary  to  collect  waste  green  herbage  of  every  kind, 
and  to  let  it  sour  in  water.  It  then  fattens  pigs  which  would  scarcely 
thrive  on  it  before.  During  this  souring  of  vegetable  matter  in  water,  it 
ia  lactic  acid — the  acid  of  milk — which  is  chiefly  prsduced.  This  acid, 
therefore,  would  appear  to  favour  the  increase  of  size  in  the  pig,  and  to 
this  cause  may  be  owing  the  profitable  use  of  sour  whey  in  feeding  this 
kind  of  stock  in  cheese-making  districts. 

I  have  been  told  by  some  cow-feeders  who  use  brewers'  grains,  that 
the  dry  cows,  when  fattening  off,  relish  the  grains  most  when  slightly 
sour,  and  fatten  most  quickly  ufXjn  them.  From  others,  however,  1 
have  obtained  a  contrary  opinion,  and  have  been  assured  that  fattening 
stock  of  all  kinds  like  the  grains  best,  and  thrive  best  upon  them,  when 
perfectly  sweet  and  fresh.  It  is  a  matter  of  doubt,  therefore,  whether  or 
not  the  souring  of  food  generally,  of  all  kinds  and  for  all  kinds  of  stock, 
can  be  safely  tried  or  recommended. 

2®«  The  boiling  or  steaming  of  dry  food,  and  even  of  potatoes  and  tur- 
nips, is  recommended  by  many  as  an  economical  practice.  I  believe 
that  the  general  result  of  the  numerous  experiments  which  have  been 
made  upon  this  subject  in  various  parts  of  the  country  is  in  favour  of 
this  opinion  in  so  far  as  regards  fattening  and  growing  stock.  It  seems  a 
more  doubtful  practice  in  the  case  of  horses  which  are  intended  for  heavy 
and  especially  for  fast  work — though  even  for  these  animals  the  use  of 
steamed  food  is  beginning  to  be  aoopted  by  some  of  the  most  extensive 
coach  contractors.     [Stephens*  Book  of  the  Farm*] 

3°.. It  is  a  curious  fact  not  less  worthy  of  tlie  attention  of  the  chemist 
than  it  is  of  the  practical  man,  that  the  age  of  the  food  singularly  aflects 
its  value  in  the  nourishment  of  animals."  Thus  new  oats  are  not  con- 
sidered lit  for  hunters  before  the  months  of  February  or  March.  They 
affect  the  heels  and  limbs  wiih  something  like  grease,  and  make  the 
horse  unfit  for  fast  work.  Nor  is  it  merely  water  which  the  grain  loses 
by  the  five  or  six  months'  keeping — for  if  it  be  dried  in  the  kiln  it  is  still 
uufit  for  use,  from  its  stimulating  in  an  extraordinary  degree  the  action 
of  the  kidneys.  Some  chemical  change  takes  place  in  the  interior  of  the 
oat  which  has  not  yet  been  investigated. 

The  potato,  on  the  other  hand,  by  keeping,  loses  much  of  its  nutritive 
value,  even  before  it  has  begun  to  sprout — and  every  feeder  knows  tha* 
turnips  which  have  shot  into  flower,  add  much  less  thau  before  to  dbia 
weight  of  his  fattening:  stock. 
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^14.  IfifiAUinct  of  toil  and  culture  on  the  nutritive  value  of  agrietUtural 

produce^ 

I  have  OD  several  former  occasions,  (pages  500  to  528),  directed  your 
attention  to  the  remarkable  influence  which  soil,  culture,  and  climate 
have  upon  the  chemical  composition  of  the  different  com  and  green  crops 
usually  raised  for  food.  Every  such  change  of  composition  alters  also 
the  nutritive  value  of  any  given  crop.  If  the  wheat  or  barley  be  richer 
in  gluten,  it  will  build  up  more  muscle — if  it  abound  more  in  starch,  a 
smaller  weight  of  it  will  supply  the  carbeq  of  respiration — ^if  it  be  richer 
in  fatty  matter,  it  will  round  on  the  edges  of  the  bones,  and  fill  up  the  in- 
ec]ualities  in  an  animal's  body  more  quickly  with  fat.  Such  diflerences 
as  tliese  I  have  already  shown  you  do  really  exist  among  samples  of  the 
same  kind  of  grain  frown  upon  soils  either  of  different  quality,  or  of  tlM 
same  quaUty  when  diflerently  cultivated  or  manured. 

But  this  different  culture  or  manuring  affects  the  relative  proportions 
of  the  several  kinds  of  inorganic  matter  also— the  phosphates  and  other 
saline  substances— which  are  known  to  exist  necessarily  in  all  vegetable 
productions.  In  illustration  of  this,  I  would  direct  your  attention  to  the 
following  analyses— made  in  my  laboratory  by  Mr.  Fromberg— of  the 
abh  of  two  saniples  of  the  same  kind  of  turnip  (red  topped  yellow) 
raised  by  Lord  Blantyre,  on  the  same  field,  the  one  witli  ^uano  alone, 
the  other  with  fiirm-yard  dung  alone.  The  quantity  of  ash  lefl  by  the 
two  varieties  of  turnip  was  0*68  and  0*7  per  cent,  respectively,  and  thiai " 
ash  was  composed  as  follows  :— 

ComposUion  tftki  ask  of  turnips  raised  vriJUt^guano^  and  vnlkfarni-farddumg. 

OUAMO.  BOxro. 

Ipteri 
Chloride  of  Potassium 
Sulphate  of  Potash  . 
Carbonate  of  Potash  . 
Phosphate  of  Potash  . 
•  Lime 


•  Magnesia 
-  Alumina 

Caifoonate  of  Lime 

Alumina  ..... 

Oxide  of  Manganese  . 

Bilica 


Interior. 

Bxterior. 

Inierior. 

Exterior. 

556 

503 

540 

11^71 

30  H5 

3704 

3120 

35-47 

lL-38 

903 

3674 

17-63 

2093 

1017 

5-51 

3-66 

455 

449 

1-58 

2'a3 

034 

1-63 

2-63 

313 

487 

9.94 

0-93 

2-76 

953 

979 

1156 

14-89 

509 

979 

094 

046 

321 

590 

960 

5.33 

1-65 

343 

— 

304 

97-95  9916  9908  99-09 

The  most  striking  diflference  between  the  two  varieties  of  ash  is  in  the 
proportion  of  phosphates  they  respectively  contain.  The  ash  of  the 
guano  turnips  contained  from  25  to  30  per  cent,  of  phosphates,  that  of 
the  dung  turnips  only  from  9  to  11  per  cent.  This  could  not  fail  to 
make  an  important  diflference  in  their  relative  values  for  the  feeding  of 
stock  whote  tx>nes  are  growing,  and  which  require,  therefore,  a  larger 
supply  of  phosphates  in  their  food. 

The  phosphates  of  lime  and  magnesia  form,  as  we  know,  one  of  the 
valuable  constitnents  of  guano,  but  we  could  scarcely  have  inferred  that 
this  manure  would  have  caused  so  much  larger  a  proportion  of  these 
phosphates  to  enter  into  the  ootistituents  of  the  turnips  raised  with  them. 


VOTMTITC  rAAVt  OF  AttfeSCULf  ORAL  P&ODDCX.  61$ 

It  ii  not  ttttlikely  that  turnips,  nused  from  bones,  will  also  abound  more 
largely  in  phosphates  than  tnmips  raised  from  dung  or  rape  dust,  and 
mny  therefore  be  better  fitted  for  growing  stock. 

§  15.  Cttn  toe  correctly  e^Umale  the  reUOivefeediirg  properties  ofdiffereni 
kmd$  of  produce  wader  all  drcumttdneee. 

Since  the  several  nutritive  elTects  of  difierent  kinds  of  food  are  de- 
pendent upon  BO  Hiany  circumstances— ^upon  the  state  of  the  animal 
Usetf— the  purpose  for  which  it  is  fed— 4he  mode  in  which  it  is  housed 
and  protected— the  form  and  period  at  which  it  is  given— can  it  be  pos- 
sible to  classify  them  in  an  order  which  will  indicate  their  relative  feed- 
ing values  in  all  cases  and  for  all  purposes  T  This  is  obviously  impos- 
stble.  We  may  easily  arrange  them  in  the  order  of  their  relative  values 
in  reference  to  some  one  of  the  several  purposes  for  which  food  is  given. 
We  may  shew  in  as  many  diflfereot  tables  the  order  of  their  relative 
values  in  laying  on  fot«— in  increasing  the  muscles«-or  in  promoting  the 
growth  of  bone ;  but  we  cannot  arrange  theoretically,  nor  can  experi- 
ment ever  practically  classify,  all  our  common  vegetahle  productions  in 
one  invariable  order  which  snail  truly  represent  their  relative  values  in 
reference  to  each' of  these  three  different  points  :— 

1^.  Experimental  i)alue»^~~T\us^  however,  practical  writers  have  often 
attempted  to  do.  Making  their  experiments  in  diflerent  circumstances, 
with  different  varieties  of  the  same  produce,  upon  different  kinds  of 
siDck,  or  upon  animals  fed  for  different  purposes,  they  have  obtained  re- 
sults of  the  most  diversified  kind,  and  have  classified  the  several  kinds  of 
fodder  in  the  most  unlike  order.  I  se'ect  a  few  of  these  results  for  the  sake 
of  illustration.  Taking  10  lbs.  of  meadow  hay  as  a  standard,— then,  u> 
produce  an  eaual  nutritive  effect,  the  different  quantities  of  each  of  the 
other  kinds  of  fodder  represented  by  the  numbers  in  the  following  table 
ought  tq  be  used'  according  to  the  several  authors  whose  names  are 
given. 

Hxpenmental  quantities  oj^jbdder  uhich  mutt  be  used  to  produce  an 
equal  nutritive  effect^  according  to—" 

Behwerts.  Block.    Peld.    ThMr.  FftbH.  MtjOT.  lliddl«lMi. . 
Mesdowhay   .    .        10        10        10        10        10  10  10 
Aftsraiath  hay     ,        ll        —        10       —       —  —  — 
Clover  bay  ...        10        10         9         9        10  —  _ 
Green  clover  in  flow- 
er and  luoeroe  .       —       43       —       46       49  —  — 


Lucerne  hay    ...  9       —         9         9       10 

Wheat  strew 

Barley  straw 

Oat  straw    . 

Pea  straw    . 

Potatoes 

Old  potatoes 

Carrots   .    . 

Tomips  .    . 

Wheat    .    . 

Barley     .    . 

Oats   .    .    . 


90  36  45  30  15  — 

40  19  18  40  90  15  — 

40  90  90  40  90  15  — 

—  16  90  13  15  15  — 
90  S3  20  90  90  15  r- 

—  40  —  —  —  —  — 
37  37  95  30  95  93  34 
45  53  60  59  45  99  80 

4  3  5  6  —  —  — 

—  3  6  —  5  5 

—  4  7  —  6  —  •- 

fHvmaaioqMdiQoafthiatable,  ipstliould  mtonDy  conclude  aituar 
96* 


that  the  different  kinds  of  fodder  vary  very  much  in  quality,  or  fliat  t 
who  deterniioed  their  relative  values  by  experimeut  roust  have  tried 
their  effects  upon  very  dlffereot  kinds  of  8Coc;k,  M  probably  also  for  dif- 
ferent purposes.  Both  of  these  conclusions  are  no  doubt  true.  We 
know  tliat  the  same  kind  of  produce  does  vary  Very  niudi  in  chemical 
constitution,  but  it  is  not  likely  that  different  samples  of  the  same  kind  of 
turnip  are  so  unlike  each  other  thai  29  lbs.  of  the  one  will  ^  as  far  in 
feeding  the  same  animal  as  80  lbs.  of  another.  These  great  differenoea 
in  the  table,  therefore,  seem  to  show  t^iat  dlffereat  kin&  or  vaiieiiee  of 
fodder  have  been  uaed,  or  under  diiferent  clrcumstancesy  or  results  so  dis- 
cordant could  scarcely  have  been  obtained. 

A  certain  value,  it  is  true,  attaches  \o  tlie  numbers  in  the  table  when 
those  given  by  the  different  authors  nearly  a^ree.  Thus,  about  20  of 
potatoes  and  30  of  carrots  appear  tu  be  equal  in  nutritive  value  to  JO  of 
nay.  It  must  be  confessed,  however,  that  this  subject  of  the  experim^Ual 
value  of  diiferent  kinds  of  form  produce  in  feeding  stock  ojf  the  tame 
kind  for  the  same  purposes  is  still  almi^t  wholly  unmveetigatod.  Will 
none  of  the  skilful  stock  feeders,  of  whom  so  many  are  now  apriiijginff 
up,  turn  their  attention  to  tliis  interesting  field  of  experimental  inquiry  ? 

2^.  Theoretical  values. — But  the  theoceucai  values  of  different  kinda 
of  food  in  reference  to  a  particular  object,  can  l>e  determined  by  analyti- 
cal investigations  made  in  the  laboratory.  This  has  been  ckine  ia  a 
very  able  m^mner  by  Boussingault,  in  reference  to  the  eoiae  o^  different 
kinds  of  fodder  in  the  production  of  muscle*  These  valueSi  aceoidiBg  to 
his  analyses,  are  as  follow,  10  of  hay  being  again  taken  as  a  standard :-« 
Theoretical  quantities  of  different  kinds  of  vegeiithU  produce  tchich  vnU 
produce  equal  effects  in  the  growth  of  muscle  {Bou8smgtatU)> 


Hay 10 

Clover  hay,  cut  in  flower  .     .  8 

Lucerne  ao 8 

Aflermath  do.      .....  8 

Green  clover,  in  flower  ...  34 

Green  lucerne 35 

Wheat  straw 52 

Kye  straw      ......  61 

Barley  straw 52 

Oat  straw 55 

Pea  straw.     ..••..  6 

Vetch  straw 7 

Potato  leaves 36 

Carrot  leaves .13 

Oak  leaves 13 

This  table  possesses  much  value. 


Potatoes 28 

Old  potatoes 41 

Canots 35 

Turnips 61 

White  cabbage   .     .    •    .     •  37 

Vetches    .......  2 

Peas 3 

Indian  com    ......  6 

Wheat 6 

Rye 6 

Barley 6 

Oats 5 

Bran 9 

Oil-cake    ........  2 

It  cannot,  however,  be  relied  upoa 


as  a  safe  guide  in  all  cases  by  the  feeder,  because  of  the  differences  in 
the  composition  of  our  crops,  which  arise  from  the  mode  of  culture  and 
the  kind  of  manure  employed.  It  possesses,  however,  a  higher  value 
from  this  circumstance— that  as  muscle  in  most  animals  forms  the  larger 
portion  of  their  bulk,  the  order  in  which  diiferent  kinds  of  vegetable  moA 
promote  the  growth  of  this  part  of  the  body,  may  in  most  cases  be  adopted 
as  the  order  also  of  their  relative  values  in  susiaimng  animals  and  keep- 
"»f  ^^qa  ftt  grdiiiaiy  enndirw*  ..Sho  aaoM  vMiark*  Wwawviy  wiM  «oc 
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apply  to  animal  food,  alnce  we  may  liave  a  kind  of  animal  food,  such  as 
selatine,  which  would  greatly  promote  the  ^owth  of  muscle,  but  whicbf 
m>£D  its  composition,  is  capable  of  ministermg  so  little  to  the  wants  of 
the  other  parts  of  the  body  that  it  will  not  even  support  life  for  any  length 
of  time. 

§  16.  Effect  of  different  modes  of  feeding  on  the  manure  and  en  the  soil- 

There  remains  still  one  practical  point  in  connection  with  the  feeding 
of  stock,  to  which  I  think  you  will  feel  some  interest  in  attending. 

The  production  of  manure  is  an  object  with  the  European  farmer  of 
almost  equal  importance  with  the  production  of  milk  or  the  fattening  of 
Block.  What  influence  has  the  mode  of  feeding  or  the  purpose  for 
"which  the  animal  is  fed,  upon  the  quantity  and  quality  of  the  manure 
ohtained  ? 

1^.  The  quantity  of  the  manure  depends  upon  the  quantity  of  food 
which  is  necessary  to  sustain  the  animal.  With  the  exception  of  the 
carl^n,  which  escapes  from  the  lungs  in  the  form  of  carbonic  acid,  and 
a  comparatively  small  Quantity  of  matter  which  forms  the  perspiration* 
the  whole  of  the  ftxx]  which  sustains  the  body  is  rejected  again  in  the 
form  of  dung. 

Now  the  sustaining  (bod  increases  with  tlie  site  of  the  animal,  with 
the  coldness  of  the  temperature  in  which  it  is  kept,  and  with  the  quantity 
of  e'keroijje  it  is  compelled  to  take.  Large,  hardly  worked,  much  driven, 
and  coldly  housed  animals,  therefore,  il  ample  food  is  given  them,  will 
produce  the  largest  quantity  of  manure.  It  might  be  possible,  indeed,  to 
keep  large  animals  for  no  other  purpose  but  to  manufacture  mauure-^by 
giving  them  an  unlimited  supply  of  food,  using  means  to  persuade  them 
to  eat  it,  and  causing  them  at  the  same  time  to  take  so  much  exercise  a» 
to  prevent  them  from  ever  increasing  in  weight. 

2°.  Qualitij  of  the  manure. — The  quality  of  the  manure  depends  al- 
most entirely  upon  the. kind  of  food  given  to  an  animal,  and  upon  the 
purpose  for  whicli  it  is  fed. 

a.  The  full- groiDn  animal,  which  does  not  increase  in  wei^t,  returns 
in  its  excretions  all  that  it  eats.  The  manure  that  it  forms  is  richer  in 
saUne  matter  and  in  nitrogen  than  the  food,  because,  as  I  have  already 
explained  to  you  in  detail  (p.  472),  a  portion  of  the  carbon  of  the  latter 
is  sifted  out  as  it  were  by  the  Jungs,  and  diffused  through  the  air  during 
respiration.  In  other  respects,  whatever  be  the  nature  of  the  food— the 
quantity  of  saline  matter  or  of  glnten  it  contains — the  dujog  will  contain 
nearly  the  same  quantities  of  both  or  of  their  elements. 

6.  The  case  of  the  fattening  animal  again  is  different.  Besides  the 
sustaining  food,  there  is  given  to  the  animal  some  otlier  fodder  which 
will  supply  an  additional  quantity  of  fat  If  this  arlditlonal  food  bo  only 
oil,  then  the  dung  will  be  little  aHected  by  it.  It  will  be  little  richer  than 
the  dtmg  of  the  full-grown  animal  to  which  the  same  sustaining  food  is 
given. 

But  if  the  additional  food  contain  other  substances  besides  ftit— saline 
substances,  namely,  and  gluten — then  these  will  all  pass  into  the  dung 
and  make  it  richer  in  precise  proportion  to  the  quantity  of  this  additiooid 
food  which  is  given.  Thus  if  oil-cake  be  given  for  the  purpose  of  laying 
OQ  &t— the  usu4)l  sustaining  food  at  the  same  time  being  supplied— the 
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dung  will  be  enriched  by  all  those  other  fertiliziog  constitiieDts  preseiat  in 
the  oil-cake  which  are  not  required  or  worked  up  by  the  fattening  aoimal. 

Hence  it  10  that  the  dung  of  fattening  stock  is  usually  richer  than  that 
of  stock  of  other  kinds.  Oil-cake  would  be  a  rich  manure  were  it  put 
into  the  soil  at  once;  it  is  not  surprising,  therefore,  that  after  it  has 
parted  with  a  portion  of  its  oil  it  should  still  add  much  to  the  richness  of 
common  dung. 

A  knowledge  of  the  kind  of  material,  so  to  speak,  which  the  animal 
requires  to  fatten  it,  explains  in  a  considerable  degree  another  pracrical 
fact  of  some  consequence  through  which  it  is  not  easy  at  first  sight  to  see 
one*s  way.  There  are  in  various  parts  of  the  island  certain  old  pastares 
which,  from  time  immemorial,  have  been  celebrated  for  their  fattening 
qualities.  Full-grown  stock  are  turned  upon  them  year  after  year  in  the 
lean  state,  and  after  a  few  months  are  driven  oflfagain  fat  and  plump  and 
fit  for  the  butcher.  This,  I  have  been  told  when  on  the  spot,  has  gone 
on  time  out  of  mind,  and  yet  the  land,  though  no  manure  is  artificially 
added,  never  becomes  less  valuable  or>the  pasture  less  rich.  Hence  the 
practical  man  concludes  that  the  addition  of  manure  to  the  soil  is  un- 
necessary, if  the  produce  be  eaten  off  by  stock— that  the  droppings  of 
the  animals  which  are  fed  upon  rhe  land  are  alone  sufficient  to  maintain 
its  fertility. 

But  the  reason  of  this  continued  richness  of  such  old  pastures  is 
chiefly  this— that  the  cattle,  when  put  upon  them,  are  usually  full-grown 
-*they  have  already  obtained  their  full  supply  of  bone  and  nearly  aa 
much  muscle  as  they  require.  While  on  the  fields  they  chiefly  select 
fat  from  the  grasses  the^  eat,  returning  to  the  soil  the  phosphates,  saline 
substances,  and  most  of'^the  nitrogen  which  the  grasses  contain.  Their 
bodies  are  no  donbt  constantly  fed  or  renewed  by  new  portions  of  these 
substances  extracted  from  the  food  they  eat,  but  they  return  to  the  soil  an 
equal  quantity  from  the  daily  waste  of  their  own  bodies— and  thus  are 
indebted  to,  and  carry  off  the  land,  little  more  than  the  fat  in  which 
they  are  observed  daily  to  increase. 

But  as  the  materials  of  the  fat  may  be,  and  no  doubt  originally  are, 
derived  wholly— perhaps  indirectly,  yet  wholly— from  the  atmosphere, 
the  land  is  robbed  of  nothing  in  order  to  supply  it,  and  thus  may  con- 
tinue for  many  fenerations  to  exhibit  an  equal  degree  of  fertility. 

I  eive  this  oiily  as  a  general  explanation,  by  which  the  difHculty 
may  be  solved,  wnere  no  other  more  likely  explanation  can  be  fouud 
in  the  local  cireunutances  of  the  spot,  or  of  the  district  in  which  such 
rich  old  pastures  exist. 

c.  The  gromn^  imimal,  again,  does  not  return  to  the  soil  aU  it  re- 
ceives. It  not  only  discharges  carbon  from  its  lungs,  but  it  also  extracts 
phosphates  from  its  food  to  increase  the  size  of  its  bones,  gluten  to  swell 
out  its  muscles,  an4  saline  substances  to  mingle  with  the  growing  bulk 
of  its  blood.  The  dung  of  the  growing  animal,  therefore,  will  not  be  so 
rich  as  that  of  the  full-grown  animal  fed  upon  the  same  kind  and  quan- 
tity of  food.  Hence  from  the  fold-yard,  where  young  stock  are  reared, 
the  manure  will  not  be  so  fertilizing,  weight  for  weight,  as  from  a  yard 
in  which  fuU-erown  or  fattening  animals  only  are  fed. 

d.  The  mtft  ano  exhaosts  sdll  further  the  food  it  eats.    In  the  lean 
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milk  oow,  which  has  little  muscle  or  fat  to  waste  away,  and,  thereibre« 
little  to  repair,  the  sustaining  food  is  reduced  to  the  smallest  possible 
quantity.  This  small  portion  of  food  is  all  that  is  returned  to  the  hu»< 
bandman  in  her  dung.  The  phosphates,  salts  and  gluten,  and  even  the 
etaich,  of  the  remainder  of  the  food  she  eats,  are  transfonned  in  her 
system,  and  appear  again  in  the  form  of  mill(.  The  dung  of  the  milk 
cow  must  be  very  much  poorer,  and  less  valuable,  compared  with  the 
fi)od  she  eats,  than  that  of  any  other  kind  of  stock. 

It  is  true  that  the  bulk  of  her  dung  may  not  be  very  much  less  thaii 
-  that  of  a  full-grown  animal  which  is  yieldfing  no  milk,  but  this  bulk  ii 
made  up  chiefly  of  the  indigestible  woody  fibre  and  other  ^^mparatively 
useless  substances  which  her  bulky  food  contains.  The  ingredients  of 
the  milk  have  been  separated  from  these  other  substances  as  the  food 
passed  through  her  body,  and  hence,  though  bulky,  the  dung  of  the  milk 
cow  is  colder  and  less  to  be  esteemed  than  that  of  the  dry  cow  or  of  the 
full-grown  ox.  ^ 

Nothing  can  more  strikingly  illustrate  the  difierence  between  the  effect 
of  the  digestive  organs  of  the  fattening  ox  and  those  of  the  milk  cow 
upon  the  uxxi  they  consume,  than  the  well-knowa  and  remarkable  dif- 
ference in  quality  which  exists  between  distillery  dung^  obtained  from 
fkttening  cattle  fed  upon  the  refuse  of  the  distilleries,  and  cow-feeders* 
dungt  ^nded  by  milk  cows  fed  upon  nearly  the  same  kind  of  food— 
namely,  the  refuse  of  the  breweries. 

§  17.  Summary  of&ie  views  iUustrated  in  the  present  Lecture, 

The  topics  discussed  in  this  Lecture  are  of  so  interesting  a  kind,  and  so 
beautifully  connected  together,  that  yon  will  permit  me,  I  am  sure, 
briefly  to  draw  your  attention  again  to  the  most  important  and  leading 
points. 

1°«  It  appears  that  all  vegetables  contain  ready  formed^that  is, 
form  daring  their  growth  from  the  food  on  which  they  live-i^those  sub- 
stances of  which  the  parts  of  animals  are  composed. 

2°.  That  from  the  vegetable  food  it  eats,  the  animal  draws  directly 
and  ready-formed  the  materials  of  its  own  body^-phoephates  to  fcH-m  the 
bones— gluten,  &c.,  to  build  up  its  mascles-;-and  oil  to  lay  on  in  the 
form  of  fat 

3^.  That  dluriiigthe  process  of  respiration  a  fuU  grown  man  throws 
ofT  from  his  lungs  about  8  oz.-^  cow  or  horse  five  times  as  much—of 
carbon  every  24  houra;  and  that  the  main  office  of  the  starch,  gum,  and 
sugar  of  vegetable  food  is  to  supply  this  carbon.  In  carnivorous  animals 
it  is  supplied  by  the  fat  of  their  food— in  starving  animals,  b}r  the  fat  of 
their  own  bodies— and  in  young  animals,  which  live  upon  milk,  by  the 
milk  suxar  it  contains. 

4°.  That  mascles,  bone,  skin,  and  hair  undergo  a  certain  necessary 
daily  waste  of  substaooe-— a  portion  of  each  being  removed  every  day 
and  carried  out  of  the  body  in  the  excretions.  The  main  function  of  rlie 
gluten,  the  phosphates,  and  the  saline  substances  in  the  food  of  the  full 
grown  animal,  is  to  replace  the  portions  of  the  body  which  are  thus  re- 
moved, and  to  sustain  its  orinnal  condition.  ExexGise  increases  this  na< 
tural  waste  aod  aocelerates  me  breathiog  alKH  ao  as  to  render  aecessaxy 
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a  larger  sxtattdning  supply  of  Ibod— a  larger  daily  quantity  to  keep  die 
anidml  in  condition. 

6°.  That  the  fat  of  the  body  is  generally  derived  from  the  fat  of  the 
vegetable  food — which  fat  undergoes  during  digestion  a  change  or  trans- 
formation by  which  it  is  converted  into  the  peculiar  kinds  of  fat  which 
are  specially  fitted  to  the  body  of  the  animal  that  eats  it.  In  carnivor- 
ous animals,  the  fat  is  also  derived  directly  from  the  fat  of  their  food — 
which  is,  in  like  lAanner,  changed  in  order  to  adapt  it  to  the  constitution 
of  their  own  bodies.  In  cases  of  emergency,  it  is  probable  that  fat  may 
be  formed  in  the  animal  from  the  starch  or  sugar  of  the  food. 

6^.  In  the  growing  animal,  the  food  has  a  double  function  to  perform, 
it  must  stutain  and  it  must  increase  the  body.  Hence,  if  tlie  animal  be 
merely  increasing  in  fat,  ^e  food,  besides  what  is  necessary  to  make  up 
for  the  daily  waste  of  various  kinds,  must  also  supply  an  additional  pro- 
portion of  (Ml  or  fat  To  the  growing  animal,  on  the  other  hand,  it  must 
supply  also  an  additional  quantity  of  gluten  for  the  muscles,  and  of  phos- 
phates for  the  bones.  If  to  each  of  a  number  of  animals,  equal  quantities 
of  the  same  kind  of  food  l>e  given,  then  those  which  require  the  smallest 
quantity  of  food  to  sustain  them  will  have  the  largest  proportion  to  con 
verr  into  parts  of  their  own  substance.  Hence,  whatever  tends  to  in- 
crease the  sustaining  quantity— and  cold,  exercise,  and  uneasiness  do  so 
-—will  tend,  in  an  equal  degree,  to  lessen  the  value  of  a  given  weight  of 
food,  in  addine  to  the  weight  of^  the  animaPs  body.  To  the  pregnant 
and  to  the  milk  cow  the  same  remarks  apply.  The  food  is  partly  ex- 
pended in  the  production  of  milk,  and  the  smaller  and  leaner  the  cow  is, 
less  food  being  required  to  sustain  the  body,  the  more  will  remain  for  the 
production  of  milk. 

7°»  Lastly,  that  the  quantity  and  quality  of  the  diing— -while  they  de- 
pend in  part  upon  the  kind  of  food  with  which  the  animal  is  fed— yet 
even  when  the  same  kind  of  food  is  siven,  are  materially  affected  by  the 
purpose  for  which  the  animal  is  fod.  If  it  be  full-grown  and  merely 
kept  in  condition,  the  dung  contains  all  that  was  preiient  in  the  food,  ex- 
cept the  carbon  that  has  escaped  from  the  lungs.  If  it  be  a  crowing ' 
animal,  then  a  portion  of  the  phosphates  and  gluten  of  the  foo(f  are  re- 
tained to  add  to  Its  bones  and  muscles,  and  hence  the  dung  is  something 
less  in  quantity  and  considerably  inferior  in  quality  to  tluLt  of  the  full- 
grown  animal. 

So  it  is  in  the  case  of  the  milk  cow,  which  consumes  comparadvely 
little  in  sustaining  her  own  body,  tut  exhausts  all  the  food  that  passes 
through  her  digestive  organs,  for  the  production  of  the  milk  which  is  tt> 
feed  her  young. 

The  reverse  takes  place  with  the  fttteoioff  ox.  He  takes  little  else 
from  the  rich  additional  food  he  eats  but  the  ou  with  which  it  is  intended 
that  he  should  invest  his  own  body.  lu  other  constituents  are  for  the  most 
part  rejected  in  his  excretknis,  and  hence  the  richness  and  high  piice  of 
his  dung. 


Such  are  the  main  pcnnts  I  have  endeavoiu^  to  iUustrste  to  you  hi 
dus  Lertnrs-'-tbay  involve  so  many  interesting  ccmsidenitions,  both  ef  a 
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theoretical  and  of  a  practical  kind,  that  had  my  limits  permitted  I  ooold 
have  wished  to  dwell  upon  them  at  still  greater  length. 

§  18.  Qmduding  Sectioiu 

J  have  now  hrought  the  subject  of  these  Lectnres  to  a  close.  I  have 
gone  over  the  whole  ground  which  in  the  outset  I  proposed  to  tread.  It 
is  the  first  time,  I  believe,  that  much  of  it  has  been  trodden  by  scientific 
men,  and  I  have  endeavoured  in  every  part  of  our  journey  to  lay  before 
you,  as  clearly  as  I  could,  everything  we  knew  of  the  country  we  passed 
over,  in  so  far  as  it  had  a  practical  bearing  or  was  likely  to  b^  suscepti- 
ble hereafter  of  a  practical  application. 

In  the  first  Part,  I  directed  your  attention  to  the  organic  portion  of 
plaots^-showed  you  of  what  substances  it  consisted— on  what  kind  of 
organic  food  plants  live— and  by  what  chemical  changes  the  peculiar 
organic  compounds  of  which  they  consist  are  formed  out  of  the  organic 
iood  on  which  they  live. 

In  the  second  Part,  I  explained  in  a  similar  way  the  nature,  composi- 
tion, and  origin  of  Ihe  inorganic  portion  of  plants.  I  dwelt,  also,  upon 
the  nature,  origin,  and  natural  differences  which  exist  among  the  soils  on 
which  our  crops  are  grown,  and  from  which  the  inorganic  constituents  of 
plants  are  altogether  derived.  This  led  me  to  explain  the  connection 
which  exists  between  Agriculture  and  Geology,  and  the  kind  of  light 
which  this  interesting  science  is  fitted  to  throw  upon  the  means  of  prac- 
tically improving  the  soil. 

In  the  third  Part,  I  dwelt  upon  the  various  means  which  may  be 
adopted  for  increasing  the  general  productiveness  of  the  land — whether 
these  means  be  of  a  mechanical  or  chemical  nature.  The  whole  doc- 
trine of  manures  was  here  discussed  and  many  suggestions  ofiered  to 
your  notice,  which  have  already  led  to  interesting  practical  results. 

In  the  fourth  Part,  1  have  explained  the  chemical  composition  of  the 
several  kinds  of  vegetable  produce  which  are  usually  raised  for  food-— 
showed  upon  what  constituents  their  nutritive  values  depend— and  how 
soil,  climate,  and  manure  afiect  their  composition  and  their  value  as 
food.  The  nature  and  composition  of  milk  and  of  its  products— butter 
and  cheese— •the  theory  of  their  manufacture,  and  the  circumstances  upon 
which  their  respective  quantities  and  ({ualities  depend~>and,  lastly,  the 
way  in  which  food  acts  4ipon  and  supports  the  animal  Ixxly,  and  how  the 
value  of  the  manures  they  make  is  dependent  upon  the  purpose  for 
which  the  animal  is  fed — these  subjects  have  also  been  considered  and 
discussed  in  this  fourth  Part. 

In  discussing  new  topics  I  have  had  occasion  to  bring  before  you  man^ 
new  views.  This,  however,  I  have  not  done  lightly  or  without  consi- 
deration, and  I  feel  it  to  have  been  one  of  the  greatest  advantages  which 
have  attended  tlie  periodical  form  in  which  these  Lectures  have  been 
brought  before  the  public,  that  it  has  allowed  me  leisure  to  think,  to  in- 
quire, and  to  make  experiments  in  regard  to  points  upon  which  it  was 
diflUcuk  at  first  to  throw  any  satisfactory  light.  It  is  gratifying  to  me  to 
know  that  the  general  diffusion  which  these  Lectures  have  obtained,  has 
already  done  some  service  to  the  agriculture  of  the  country. 

r  I  H  I  8. 
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•fWOXSnOlfS  FOB  HZPaBIMBaTS  IK  FBAOTIOAIf  AOBZOUiaVBS 
DUBUfO  THB  VKBVntQ   SPBIRO  AND  SUMUBR. 

One  of  the  most  important  obiecu  which  chemistry  is  at  present  desirous  of 
attaining;  for  the  improvement  of  practical  agricuitore^  is  the  discofery  and  ap- 
plicauon  of  specific  or  special  manures. 

We  know  that  certain  substances,  such  as  fold-yard  manure,  are  capable  of 
fertilizing  to  a  considerable  extent  almost  anv  land,  and  of  causing  it  to  jrield 
a  better  return  of  almost  any  crop.  But  we  xnow  also  that  manures  or  fertili- 
sers of  nearly  every  kind  are  more  efficacious  on  one  soil  than  on  another,  and 
that  some  answer  better  also  for  one  species  of  crop  than  for  another.  The 
ease  of  gypsum  will  serve  to  illustrate  both  these  positions. 

The  effects  of  gypsum  in  the  United  States,  in  Prussia,  and  other  parts  of 
Germany,  and  in  some  districts  of  England,  are  said  to  be  absolutely  Atonish* 
ing ;  while  in  many  other  parts  of  our  Island,  of  Germany,  and  even  of  the 
United  States,  the  benefit  derived  from  it  has  not  repaid  the  trouble  and  expense 
incurred  in  applying  it.  Gypsum,  therefore,  ib  specially  atiapUd  for  use  in  cer- 
tain soils  only. 

Again,  the  remarkable  effects  of  gypsum  have  been  observed  most  distinctly 
on  clover*  and  certain  kinds  of  grass.  The  same  benefits  have  not  foiloweo, 
to  any  thin^  like  ifh  equal  extent,  from  its  use  on  barley,  oats,  wheat,  or  other 
kind  of  grain.  Therefore,  while  specially  adapted  to  certain  soils,  it  is  also^ 
specially  adapted  to  certain  crops.  It  is  a  kind  of  specific  manure  for  clover 
and  some  of  the  grasses. 

Now,  neither  of  these  ^subjects  which  it  is  so  important  to  investigate,— ^ 
neither  that  of  the  manures  which  are  especiallv  fitted  lor  each  soil,  nor  of  tho^e 
which  are  specially  fitted  for  each  crop,—  can  be  determined  either  from  theory 
or  from  experiments  devised  and  executed  in  the  laboratory  of  a  chemist  The 
aid  of  the  practical  farmer,  of  many  practical  farmers,  must  be  called  in.  Nu- 
merous experimenu,  or  trials,  must  be  made  in  various  localities,  and  by  differ- 
ent individuals, — all,  however,  acconlinj^  to  the  same  rigorous  and  uccunita 
method, — in  order  that,  from  the  companson  of  many  results,  something  like  a 
general  principle  may  be  deduced. 

It  is  partly  with  a  view  to  determine  the  mode  of  action  of  oertain  fertilizen, 
and  partly  in  the  hope  of  obtaining  some  additioi^al  light  on  the  subject  of 
manures  speaficaUy  adapted  to  parUaUar  cropt^  that  I  venture  (o  Suggest  to  you 
the^  propriety  of  making  one  or  more  of  the  fi>llowing  sets  of  experiments, 
during  tne  spring  and  summer  of  the  present  year.    I  could  have  much  enlarg^ 

*  In  refard  to  its  UM  Hi  OeniMiif,  LampailliM  mj%r^  It  may  with  censlnry,  be  stated, 
that  by  the  um  of  gyp«tim  ih«  proittKc  of  clover  $nd  ih«  eoitacqiient  amount  of  live  tlock 
have  been  insPBased  «(teMoiM-<MrA'^— Dm  Lbwu  vom  mm  MursBAUSoaaM  DnMmf- 
nur,  p.  91 
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the  list  of  miggestioiis,  bot  I  nmdwr  wish  to  frtigoe  yoar  attentioii,  nor  to  pbes 
before  70a  more  woik  of  the  kind  than  can  be  readily  acoompliehed,  wiik  titOg 
expense  of  time,  labour,  or  money.  Another  aeaaon  will,  I  hope,  afTord  na  an 
opportunity  of  inteirogating  nature  by  fnrthar,  and  perhapa  move  refined,  modes 
a  experimenting. 

I.  or  OEAia  AND  CLOTSB. 

1®.  It  ia  beyond  diapnle,  that  on  eertain  aoila,  gypeom  eanaea  a  laigdy  in- 
creaaed  ^wth  of  g:reaa  and  elover,  but  experiment  alone  <vpeaiB  ca^dwe  of 
determimng  on  wktA  soila  it  is  likely  to  be  Uiua  beneficial.  Doeh  exporimenta, 
therefore,  ought  to  be  made  on  every  fiurm,  on  a  amall  scale  at  firm,  and  at  Utile 
cost,*  but  made  with  care  and  aeeoracy,  and  with  a  minute  attention  to  weights 
and  measures. 

3^.  The  action  of  gjrpsum  appeare  to  be  entirely  chemical,  but  the  only  ex- 
planation of  this  action  yet  attempted  ia  fhr  firom  being  satiafiictory.  It  ia  deai- 
nible  therefore,  that  etpeiimenta  with  other  snbatanees  should  be  made,  wlaelt 
are  likely  to  throw  light  on  the  theory.  Inmoitant  practical  leanks  may  at  tho 
same  time  be  obtained— they  are  sun,  indeed,  to  toUow  from  a  right  undeiw 
standing  of  the  theoiy. 

In  the  neighbourhood  of  Lyons,  it  has  been  found  that  rery  dilute  sulphuie 
acid^  (oil  of  ▼itrol)  exhibits  the  same  beneficial  effect  upon  clover,  that  has  ela^ 
where  attended  the  use  of  gypsum.  It  is  desirable,  therefore,  that  a  compara- 
tive experiment  should  be  made  with  this  acid  on  a  portion  of  the  same  field  to 
which  the  gypsum  is  applied.    Where  the  one  faUe  the  other  may  act 

3^.  It  was  observed  by  Dr.  Home,  of  Edinburgh,  so  earlv  as  the  vear  1756, 
that  sulphate  of  soda:  had  a  remarkable  effect  in  promotbg  the  growth  of  planto 
— ^its  action  being  nearly  equal  to  that  of  saltpetre  or  nitrate  of  soda.  This  fiut, 
though  mentioned  bv  LonfOundonald,  has  been  lost  sight  of  by  practical  men, 
the  sulphate  of  soda  being  generally  represented  as  too  high  in  pnoe  to  be  arail- 
able  as  a  fertilizer.!  The  use  of  saltpetre,  however,  and  of  nitrate  of  soda,  both 
of  which  are  more  than  double  the  price  of  sulphate  of  soda,  show  that  the  cost 
of  this  latter  article  should  not  stana  in  the  way  of  an  accurate  trial  of  its  value 
as  a  fertilizer  on  various  crops.  Dry  solphato  of  soda  can  be  readily  obtained 
fix}m  any  d  the  alkali  works  on  the  Tyne,li  and  being  an  article  of  domestic 
manufacture,  it  is  proper  that  its  merits  should  be  ascertained,  and,  if  it  can  be 
available,  that  its  use  should  be  encouraged.  • 

From  the  cireumstanoe  of  its  containing  sulphuric  add,  therefore^  I  would 
recommend  that  it  should  be  tried  on  clover  and  grass,  in  companson  with 
gypsum  and  sulpliuric  acid,  and  on  a  portion  of  the  same  field.  It  may  suc- 
ceed where  the  othen  fail. 

4^.  Nitrate  of  soda  also,  as  a  top-dressing  on  grass  land,  has  been  often  used 
with  great  benefit  I  have  seen  grassland  m  Diunfriesshirej  which,  after  being 
long  let  for  pasture  at  30s.  an  acre,  had  been  sprinkled  with  an  annual  top- 
dreraing  of  nitrate  of  soda  at  the  rate  of  90s.  an  acre,  and  had  since  readily  lei 
at  jS4  an  acre,  ^rieldingthus  an  annual  profit  of  30s.  an  acre  to  the  landlord. 

In  other  districts,  again,  it  has  been  found  to  answer  better  for  com.  Thus, 
after  a  discussion  on  this  subject  in  the  Gloucester  Farmere*  Club,  it  was  agreed, 
that  nitrate  of  soda  '*  was  a  very  valuable  manure  for  white  straw  crops,  but 

*  Theprleeof  g7penmlnLoBdoBlislMnt9S.6d.j>6revit;  la  NeweasOe,  Sa 

t  O/psum  eoosiitt  of  milplMrtfe  add  sad  Umu. 

X  autuber  Mbr— ooostaUof  of  aulpliurte  aeld  and  soda. 

f  Lord  Diindooald  nvt— **  From  ezperiment»4c  has  beea  proved  to  praaMte  TtfetatluB  la 
a  vai  V  high  decree.  The  high  price  ai  preteot  of  this  article  precludes  the  aae  of  It,  tat 
eoald  It  be  made  and  aold  at  a  cnesp  rate,  It  would  prove  m  miMt  valuable  aequisitioa  to  agri* 
culture."  Siace  the  time  of  Lord  Duedoaald  aome  iriala  made  in  Gemnny  have  shown  it 
to  hare  a  beneficial  action  on  tj%  potslocs,  and  fruit  trees. 

I  Meaera.  Allan  *  Co.,of  the  Heworm  Alkali  WoifcSi  dellvsr  It  hi  Xeiareaalie  sod  the  Bslgk 
hoortng  towna^at9a.orl0s.p«rowt  ^ 
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when  applied  to  green  croM  the  benefit  wns  not  euffieiently  gnat  to  eonntei^bal- 
ance  ihe  expense.''  In  NorthoAnberland,  where  it  baa  been  tried  in  a  skilful 
manner  by  Mr.  Gray,  of  Dilston,  it  was  found  to  yield  a  most  profitable  return 
on  both  hay  and  barley. 

These  results  show  the  neoessi^r  of  fbrdier  trials,  not  only  for  the  purpose  of 
illusuratin^  the  cause  of  the  beneficial  action  of  this  saline  substance,  but  also 
with  the  view  of  arriving  at  some  general  rule  by  which  the  practical  man  may 
be  guided  in  determining  on  wkai  fields^  and  lor  wAtf^  crops  an  those  fields,  the 
niurate  of  soda  may  be  beneficially  applied 

This  experiment,  like  the  others  aooTo^mentioned,  will  be  much  more  valua- 
ble, if  made  in  such  a  way  that  the  result  can  be  compared  with  that  obtained 
by  the  use  of  other  chemical  agents.  I  would,  therefore,  propose  that  in  the 
same  fiekl  of  glass  or  clover,  a  portion  should  be  measured  off,  to  be  top- 
dressed  with  nitiaie  of  soda,  that  thus  not  only  the  ab$ohUe,  but  also  the  emn- 
foroHve,  weight  of  the  produce  may  at  the  same  time  be  ascertained. 

5^.  There  are  other  trials  also,  from  which  this  general  subject  is  capable  of 
receiving  illustration.  The  fertilising  power  of  gypsum  has  biaen  explained  by 
its  supposed  action  on  the  ammonia  which  is'  presumed  to  exist  in  the  atmos- 
phere. If  this  be  the  true  explanation,  a  substance  containing  ammonia  should 
act  al  least  as  energetically.  At  all  events,  the  action  of  fold-yard  manure  and 
of  putrid  urine  is  supposed  to  depend  chiefly  on  the  ammonia  they  contain  or 
give  off.  Now,  among  the  substances  containing  ammonia  in  large  quantity, 
which  in  most  towns  are  allowed  to  run  to  waste,  the  ammoniacal  liq^uor  of 
the  eas  works  is  one  which  can  easily  be  obtained,  and  can  be  applied  m  a  li-  ^ 
quia  state  at  very  liule  cost  It  must  be  prsvionsly  diluted  with  water  till  its 
taste  and  emell  become  scaiody  perceptible. 

I  wouki  propose,  therefore,  as  a  further  experiment,  that  along  with  one  or 
more  of  the  substances  above-mentioned,  the  ammoniacal  liquor  of  the  gas 
works  should  be  also  tri^d,  on  a  measiued  portion  of  ground,  and,  if  possible, 
In  the  same  field. 

6^.  Soot,  as  a  manurs,  is  si^posed  to  act  partlv^  if  not  chiefly,  in  conse- 
quence of  the  ammonia  it  contains.  In  Glouoestersnire  it  is  applied  to  pota- 
toes and  to  wheat,  chiefly  to  the  latter,  and  with  great  success.  In  the  Wolds 
of  Yorkshire  it  is  also  applied  laigely  to  the  wheat  crop,  at  the  mte  of  about  24 
bushels  to  the  acre.*  In  this  countv  it  is  frequently  used  on  grass  land,  to  the 
amount  of  20  bushels  an  aere,  and  though  i  am  not  aware  that  it  is  extensively 
employed  upon  clover,  I  am  inclined  to  anticipate  that  the  sulphur  it  contain8,t 
in  adaition  to  the  ammonia,  would  render  it  useful  to  this  plant.  At  all  events, 
comparative  experiments  in  the  same  field  with  the  gypsum  and  the  anmionia- 
cal  liquor,  are  likely  to  lead  to  interesting  results. 

7°.  Common  salt,  highly  recommendSi  as  a  manufe  by  some,  has  been  as 
much  depreciated  by  others,  and  hence,  when  directly  applied,  is  considered  as 
a  doubtful  fertilizer  oy  almost  all.  The  obscurity  in  regard  to  its  use,  however, 
rests  chiefly  on  the  quantity  which  ought  to  be  employed.  The  result  of  com- 
parative experiments  made  in  Germany,  showed  that  a  very  few  pounds  per 
acre  were  sufficient  to  produce  a  larjgely  increased  return  of  grass — while  in 
fingland  it  has  been  beneficially  applied  within  the  wide  limits  of  firom  five  to 
twenty  bushels  per  acre,  and,  when  used  for  cleaning  the  land  for  autumn,  of 
thirty  bushels  an  acre. 

Among  the  comparative  experiments  upon  grsss  and  clover  bete  suggested, 
the  effect  of  salt  mi^ht  also  be  tried  with  the  prospeet  of  practical  benent.  It 
would  eive  an  additional  interest  to  the  experiments  and  supply  an  additional 
term  ofcomparison. 

*  The  price  Is  fron  M.  to  U  m  biMbeL    In  this  oooirtr  lbs  soet  i»  aaW  to^  oAea  of  sa 
loferior  quality,  uid  brtngt  therefore  a  itm  prlee. 
^  t  The #|ff»itiw. Imiriu miso ssr.  for  moeh of  ov  soot  contiins  gxpsani| the  lii 
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The  entire  series  of  experiments,  Acrefore,  which  I  would  recoounend,  va^ 
oeeupy  ei^t  patches  on  a  clorer  or  grass  field,  one  of  which  wouid  be  k&  n- 
ik-essed  for  the  parpoee  of  companson.    Thas,  each  plot  being  Aat/oM  aat- 


Gypaum. 

Salphale  of 
Suda. 

Liquor. 

Bulphuric 
Acid. 

Nlirare  of 

Soda. 

Common 
SalL 

SooC 

The  ammoniacal  liquor  and  the  soot  are  placed  as  fiir  as  poeaible  firm  lb 
eypsuin  and  sulphuric  acid,  that  they  may  not  interfere  with  each  other'a  weam. 
In  a  large  field  tney  might  be  placed  still  figurther  apart,  and  othir  trials  mighibi 
made  in  one  or  two  of  uie  vacant  places. 

.The  appearance  of  each  patch  should  be  entered,  wWt  the  date,  in  an  exprn- 
ra'ent  book,  at  weekly  intervals,  and  tlie  final  produce  both  of  hay  and  of  alio- 
math  carefully  noted,  both  as  to  loagJU  and  quMUy. 

Nor  will  the  experiment  be  completed  when  the  crop  for  the  year  is  gathend 
in;  but,  where  it  ispossihle,  two  further  points  should  be  ascertained^ — 

1°.  The  relative  teeding  or  nouiishing  properties  of  the  produce.  To  thsse 
who  rear  and  fatten 'cattle,  this  is  a  matter  of  great  importance,  and  it  is  one 
which  they  could  easily  determine,  at  least  very  approximately. 

3^.  What  lias  been  the  permanent  effect  of  the  several  substancea  on  the  soil, 
as  indicated  by  the  comparative  quantity  and  quality  of  the  crop  obtained  Anm 
each  half  acre,  on  the  siuxeedin^  or  during  the  ia^ofoilowmg  years.  The  result  of 
these  further  observations  may  materially  modify  the  conclusion  we  should  drnw 
from  the  com|iarative  weight  and  quality  of  the  produce  of  the  first  year. 

I  shall  only  observe,  in  conclusion,  on  this  head,  that  tl\e  result  <h  a  simolta- 
neous  trial  of  all  these  substances  in  the  samefieki  would  not  only  throw  much 
li^ht  on  the  specific  action  of  each  on  the  grass  or  clover  in  general,  byt  woald 
be  of  permanent  utility  to  that  farm  or  locality  in  which  the' experiments  weit 
made.  It  would  indicate  the  kind  of  fertilizer  which  was  best  adapted  to  the 
farm  or  neighbourhood,  in  the  existing  condition  of  its  general  culture.  ^  ItwooU 
form  a  local  record,  useful  not  only  to  the  tenant  who  made  the  experinienc  fif 
well  made)  and  by  whom  the  farm  at  the  time  was  tenanted,  but  more  usenl 
by  far,  and  more  permanently  so,  to  the  owner  of  the  land,  whose  interest  in  it 
is  supposed  to  be  not  only  greater,  but  much  more  lasting. 

In  regard  to  the  quantiiits  of  the  several  substances  above-mentioned,  which 
are  to  K  applied  to  each  acre,  they  may  probably  be  varied  according  to  cir- 
cumstances,  but  the  following  may  be  recommended  in  the  comparative  exptn- 
ments : 

1^.  Gypsum  2  to  3  cwL  per  acre. 

2°.  Sulphate  of  Soda  1  cwt.  per  acre. 

3^.  Nitrate  of  Soda  1  cwt  per  acre. 

4^.  Soot  30  bushels  per  acre~-this  in  different  districts  may  be  varied  aoooid- 
ing  to  the  known  quality  of  the  soot 

5°.  Of  Sulphuric  Acid  from  30  to  40  lbs.  per  acre,  applied  at  three  or  four 
several  intervals—- and  diluted  with  at  least  200  times  its  weight  of  water.  Or 
so  much  water  may  be  added  as  to  make  it  perfectly  tasteless,  or  so  weak  as 
not  sensibly  to  injure,  the  texture  of  a  plant  left  in  it  during  the  previous  night* 

6^.  Of  Ammoniacal  Liquor  100  to  200  gallons  per  acre,  according  to  its 
strength,  for  this  is  constantly  varying.  It  must  also  be  diluted  with  so  laigea 
quantity  of  water  as  will  render  it  pei^ctly  tesieless,  and  is  likely  to  prove  mast 
beneficial  if  laid  on  at  several  successive  periods. 

*  The  qoantiiy  abore-menlloned  amoonta  to  about  two  calkNM  of  die  acid  of  tlie  shops,  satf 
it  should  tw  diluted  with  thraa  or  (bur  baadrod  ffaUooa  of  water. 


7^.  Of  common  salt  it  will  be  safer  to  apply  not  vaoxt  than  foor  to  sixliashels 
^f^'  an  acre ;  though^  where  time  and  circumstances  permit,  comparatiTe  trials  mi^ 
(tt^  also  be  made  on  the  efficacy  of  salt  when  applied  in  different  proportions,  to  the 
«^'        same  land  on  which  the  other  expeiimento  are  made. 

— '  As  to  the  time  when  these  seteral  dressings  ought  to  be  applied,  some  varia- 

tion may  be  made  according  to  the  state  of  the  young  crop.  They  need  not,  in 
general,  be  used  before  the  10th  of  April,  and  they  should  rarely  be  later 
than  the  middle  of  May. 

It  will  be  desirable  that  in  the  detail  of  every  set  of  experiments,  the  kind  and 
quality  of  the  soil  (and  subsoil)  should  be  stated— with  its  draina^  and  expo- 
sure—and the  kind  of  grass  or  clover  which  had  been  sown  upon  iL 

"^  II.    OF  WHEAT,  BARI.ET,  AND  OATS. 

>^  It  is  known  that  saltpetre  and  nitrate  of  soda  produce  highly  beneficial  effects 

'^  on  all  these  varieties  or  grain.    There  remains  much  to  be  done,  however,  be- 

'*  fore  the  principle  of  their  operation,  or  the  circumstances  on  which  their  most 

useful  applicauon  depends,  can  be  clearly  understood.  Their  relative  effects  on 
"'  the  same  kind  of  gram  must  be  made  the  subject  of  more  frequent,  more  precisei 

^'  and  more  carefully  conducted  experiments — and  these  effects  must  be  compared 

with  those  of  other  fertilizing  substances,  in  order  that  we  may  arrive  ultimate- 
f  ly  at  some  comparative  estimate  of  tlie  practical  value  of  each,  in  increasing  the 

^  growth  and  produce  of  those  crops  which  are  the  staples  of  animal  food. 

«  A.—Of  Wheat. 

It  is  confidently  stated  by  some,  as  a  general  rule,  that  saltpetre  is  more  ad« 
^  vantageous  than  nitrate  of  soda,  when  applied  to  wheat    On  the  other  hand,  it 

*  is  beyond  question  that  the  application  of  nitrate  of  soda  to  wheat  has  been 

*  found  productive  of  remarkable  benefit 

*  Is  saltpetre  especifiUy  adapted  for  wheat  of  all  varielieSf  on  aU  soiJis^  and  undar 
'  every  variety  of  mana-gement^  and  is  niurate  of  soda,  in  like  manner,  especially 
''            fitted  for  barley  and  oau  ? 

'  These  are  questions  to  which  the  experiments  hitherto  made  do  not  enable  ua 

I  to  give^  a  reply.    X<{ew  data  must  be  obtained  before  we  can  have  the  means  6f 

reasonlne  uscdfully  in  regard  to  any  of  them.    1  would  propose,  therefore, — 

I^.  That  where  two  varieties  of  wheat  are  sown  on  the  same  field,  or  on  dif*' 
ferent  fields  of  precisely  the  same  kind  of  land  and  in  the  same  condition,  that 
two  half  acres  of  each  variety  sliould  be  measured  off,  and  that  one  half  acre  of 
each  should  be  dressed  with  saltpetre,  and  the  other  with  nitrate  of  soda,  at  the 
rate  of  1  cwt  per  acre.  If  three  varieties  could  be  so  treated,  the  experiment 
would  be  the  more  valuable. 

It  would  thus  be  determined  how  far  the  effect  of  each  of  these  niurates  was 
dependent  upon  the  variety  of  wheat  sown — and  what  was  the  relative  action  of 
each  nitrate  upon  any  of  the  varieties. 

2°.  That  when  the  same  varieties  of  wheat  are  sown  upon  two  or  more  di^ 
ferent  soils — in  different  parts  of  a  form — that  one  portion  of  the  wheat  on  every 

*  diffensnt  soil  should  be  dressed  with  nitrate  of  soda,  and  another  with  nitrate  oi 
potash  (saltpetre).  By  this  experiment,  it  would  be  shown  how  for  the  effect 
of  these  sub^nces  is  dependent  on  the  nature  of  the  soil,  and  how  figyr  the  action 
of  the  one,  compared*  with  that  of  the  other,  is  modified  by  diversity  of  soil. 

In  these  different  experiments,  the  management  is  presumed  to  tie  the  same. 
If  the  experiments  be  repeated  by  several  persons  in  different  parts  of  the  coun- 
try, the  effects  of  difference  of  management  will,  in  a  great  measure,  be  shown 
^  in  the  diversi^  of  the  results. 

3''.  With  tne  view  of  ascertaining  the  comparative  effect  of  the  sulphate  of 
soda  on  this  crop,  I  would  suggest  mat  in  each  case  above  specified,  an  equal 
area  should  be  set  aside  to  be  £e8sed  with  this  salt,  in  the  proportion  of  1  cwt. 
per  aere. 

Of «aeh  variety  oTwheat,  thersfbrs,  and  on  eadi  variety  df  sod,  fbar  patchM 


Nkretaof 
Boda. 

8attp«tr*. 
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of  equal  area,  say  half  an  acre,  should  be  measured  off— one  of  vliich  should  be 

Undressed  for  the  purpose  of  comparison :  thus — 

As  before,  the  nature  of  the  soil  and  the  kind  of 
gndn  must  be  reconled--4he  aripearance  of  each  patch 
noted  week  by  week — ^with  the  time  of  ripening  and 
reaping—and  the  respective  qualities  and  weights  of 
themin  and  straw  collected  from  each  half  acre. 

The  auantity  of  gluten  contained  in  the  wheat 
should  also  be  determined,  or  a  sample  of  the  ikior 
transmitted  for  the  purpose  to  the  writer  of  these  sog- 

Sistions,  accompanied  by  a  detail  of  the  experiments  they  are  intended  to 
ustrate. 

B.— Q^  BofUff  and  Oais. 
To  barley  and  oats  the  above  remarks  all  apply,  with  this  difference,  thai  to 
these  crops  saltpetre  is  said  to  be  less  beneficial  than  the  nitrate  of  soda.     In 
connection  with  these  crops,  however,  I  would  make  the  following  additional 
observation. 

According  to  any  theory  of  the  action  of  the  nitrates  of  potash  and  soda 
which  readily  presents  itself,  their  effect  on  any  crop  which  they  are  equally 
capable  of  benefitting  ought  to  be  nearly  equal,  weight  for  weight  The  nitrate 
of  soda  ou^ht  to  have  a  decidedly  more  powerfol  action,  were  it  not  that  the 
state  of  moisture  in  which  it  is  ^nerallv  sold,  increases  its  weight  so  much  as 
in  a  great  measure  to  deprive  it,  m  equal  weights,  of  this  superiority. 

But  while  1  cwt.  of  saltpetre  (nitrate  of  potash)  is  recommended  as  a  suffi- 
cient dressing  for  an  acre,  1|  to  1^  cwt.  of  nitrate  of  soda  is  recommended  for 
an  equal  area  It  would,  therefore,  be  desirable  where  nitrate  of  soda  is  applied 
to  any  large  extent  of  land,  either  with  oats  or  barley,  to  make  a  comparative 
trial  on  three  equal  portions  of  the  same  fiekl,  with  1,  U,  and  1|  cwt  per  acre, 
respectively. 

In  addition,  therefore,  to  the  experiments  suggested  in  regard  to  wheat,  with 
the  view  of  determining — 

1^.  The  absolute  and  relative  efiicacy  of  saltpetre  and  nitrate  of  soda  on  dif> 
^  ferent  varieties  of  the  ^ain ; 

2^.  The  same  on  different  varieties  of  soil ; 

3^.  And  under  diversities  of  management, — as  in  the  previous  treatment  of 
the  land,  6cc. ; 

There  may  be  added,  in  r^;ard  to  oats  and  barley,  another  series  of  trial  to 
determine — 

4°.  The  relative  effects  of  the  different  proportions  of  the  nitrate  of  soda, 
which  is  at  present  svffposed  to  be  specially  beneficial  to  these  kinds  of  grain. 
If  any  one  be  desirous  of  uniting  this  latter  series  with  the  former,  it  may  be 
done  thus — 

The  vacant  half-acre  being  as  before  left 
for  the  purpose  of  comparison.  Such  an 
entire  series  might  be  made  at  the  same 
time  on  a  field  of  Tartary  and  of  potatoe 
oats,  and  on  two  or  more  varieties  of  bar- 
ley. 

These  top-dressings  may  all  be  sown 
broad-cast — on  the  wheat  most  convenient-' 
ly  when  the  seeds  are  sown  in  April  or  May,  and  on  the  bailey  and  oau  when 
'  tne  fields  have  become  distinctly  ^reen. 

I  may  be  permitted  to  add,  as  inducements  to  practical  men,  to  try  one  or 
more  or  these  experiments  in  the  accurate  manuer  above  described: 

P.  l*hiBit  the  result  will  be  directly  available  and  of  immediate  practieal-vahie 
on  his  own  fium,  lo  the  person  by  whom  they  aie  oanftiUy  nttde.    Thst  they 


Sulghjla  of 

Nitrate  of 

Soda,  1  cm. 

per  acre. 

eakpelre. 

Niuate  of 

Niuviaor 
Soda, 
licwt 
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will  b«  permanently  useAil  to  his  landlord  (if  carefully  recorded),  ought  to  bo 
an  inducement  to  the  latter  to  give  eTery  facility  and  eneooragement  to  hia  ten- 
ant in  making  them. 

a^.  That,  instead  of  involving  expense  and  outlay,  which  in  many  instances 
may  ill  be  spared,  they  are  sure  in  almost  every  case  to  do  moreikan  repay  tAecatt 
of  making  tkem^  by  ihe  increased  quantity  or  value  of  the  produce  obiainsd. 
Any  of  the  series  of  experiments,  on  Uie  scale  suggested,  may  be  made  for  five 
pounds,  so  that  were  the  outlay  all  to  be  lost  the  accurate  knowledge  obtained 
in  reference  to  the  general  tillage  of  his  land,  would  be  worth  more  money  to 
the  bolder  of  a  fkrm  of  a  hundred  acres. 

3^.  1  need  scarcely  add,  as  a  further  inducement,  the  additional  interest  which 
such  experiments  give  to  the  practice  of  &miine — and  the  means  they  afford 
of  calling  forth  the  intelligence  of  the  agricultural  population.  The  moment  % 
roan  begms  to  make  experunents  under  the  guidance  of  an  understood  principle, 
fipom  that  moment  he  begins  to  think.  To  obtain  materials  for  thought  he  will 
have  recourse  to  books — and  thus  every  new  experiment  he  makes,  will  further 
stimulate  and  awaken  his  intellect,  and  lead  him  to  the  acquisition  of  further 
knowled^.  Does  it  require  anything  more  than  this  general  awakening  of  the 
minds  of  the  agricultural  class,  to  advance  the  science  of  agriculture  as  surely 
and  as  rapidlv  as  any  of  the  other  sciences,  the  practical  application  of  whicti 
have  led  to  those  extraordinary  developments  of  natural  resourcer which  ava 
Che  characteristic  and  the  pride  of  our  time  ? 

III.      OF  TURNIPS. 

The  raising  of  turnips  is  of  such  vast  importance  in  the  prevailing  system 
of  husbandry,  that  any  improvement  in  the  mode  of  culture  must  be  of  exten- 
sive and  immediate  benefit.  Experiments  so  numerous  and  so  varied  have  been 
made  with  this  view,  tliat  it  may  almost  seem  superfluous  in  me  now  to  make 
smy  further  suggestions  on  the  subject.  Bui  when  experiments  have  beea 
made  with  a  view  to  one  subject  only,  it  often  happens  in  all  deparunents  of jia- 
tural  science,  that  as  new  views  are  advanced  or  more  precise  methods  pointed 
out,  it  becomes  necessary  to  repeat  all  our  former  experiments,-~«ither  for  tho 
purpose  of  testing  the  results  tne^  gave  us,  or  of  observing  new  phenomena  to 
which  our  attention  had  not  previously  been  directed. 

i.  Numerous  experiments,  for  example,  have  been  made  upon  the  use  of  bones 
m  the  raising  of  turnips,  but  they  have  been  ehtefly  directed  to  economical  ends 
Mid  so  far  with  the  most  satisfactofv  results.  But  among  fifty  intelligent  and 
thinking  practical  men,  and  who  all  agree  in  regard  to  the  profit  to  be  derived 
ftom  the  use  of  bones  with  the  turnip  crop,  how  many  will  agree  in  regard  to 
the  mode  in  which  they  act — how  few  will  be  able  to  eive  a  satisfinctory  reason 
lor  the  opinion  they  entertain !  The  same  is  true  of  theoretical  chemists,  some 
attributing  their  effect  more  especially  to  the  earthy  roauer,  others  to  the  gelatin* 
they  contain.  Dry  bones  contain  about  two-thirds  of  their  weight  of  earthy 
matter,  the  other  third  consisting  chiefly  of  animal  matter  resembling  glue.  Of 
the  earthy  matter  five-sixths  consist  of  phosphate  of  lime  and  maeftesia,  and 
the  rest  chiefly  of  carbonate  of  lime.    Thus  a  ton  of  bone  dust  wiU  eontain— 

Animal  matter 74<>  lbs. 

Phospate  of  lime,  &c 1945 

Carbonate  of  lime,  tec 949 

9940 

On  which  of  these  eonstituents  does  the  efficacy  of  bones  ehiefly  depend  % 
Does  it  depend  upon  the  animal  matter  1  This  opinion  is  in  accordance  with  the 
following  facts : — 

1^.  That  in  the  Doneaster  repon  it  is  said  to  be  most  effectual  on  calcareous 
•oils,^oB  in  the  presence  of  lime  all  organic  matter  m^re  rapidly  decomposes. 
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8^.  That  horn  shavings  are  a  more  powerful  manare  than  bones,- 
horn  contains  only  one  or  two  per  cent  of  earthy  matter.* 

S°.  That  before  the  introduction  of  crushed  bones,  the  ashes  of  banied  1 
had  been  lon^  employed  to  a  smail  extent  in  agriculture,  bm  have  since  fidlcn 
almost  entirely  into  cUsuse. 

4°.  That  old  sheep  skins  cut  up  and  laid  in  the  drills,  have  been  found  to 
▼ield  as  good  a  crop  of  turnips  and  afier-crop  of  com,  as  the  remainder  of  ilw 
aeld  which  was  manured  with  bones. 

5^.  That  "  40  lbs.  of  bone  dust  are  sufficient  to  supply  three  crops  of  wheal, 
clover,  potatoes,  turnips,  Ace,  with  phosphBtes,"t  wnile  one  to  two-thirds  of  a 
ton  of  bones,  containing  from  400  to  800  lbs.  of  phosphates,  is  the  quantity  nao. 
ally  spplied  to  tiie  land. 

On  the  other  hand,  the  quantity  of  animal  matter  present  in  a  ton  of  boom 
(746  lbs.)  is  80  small,  and  its  decomposition  so  rapid  during  the  growth  of  the 
turnips — while  at  the  same  time  the  effects  of  the  bones  are  so  histing  and  ao 
benencial  to  the  tfter-crop  of  com — that  many  persons  hesitate  in  considering 
the  great  excess  of  phospnates  applied  to  the  (and,  as  really  without  any  share 
of  influence  in  the  production  of  the  crops. 

Thus  Sprengelj  an  authority  of  the  very  highest  character,  both  in  theoretical 
and  practical  agriculture,  is  persuaded  that  the  phosphates  are  the  sole  fertilizing 
ingredients  in  bones,  and  he  explains  the  want  of  success  from  the  use  of  craah- 
ed  bones  in  Mechlenburg  ana  North  Germany,  on  the  supposition  that  the 
soils  in  those  countries  already  contain  a  sufficient  supply  or  pho^hates,  white 
in  England  senerolly  they  are  deficient  in  these  compounda. 

Further,  if  the  animal  mouer  be  the  feniliaing  agent  in  bones,  why  are  not 
they  of  equal  efficacy  on  grass  land  as  upon  turnips  1 

With  the  view,  therefore,  of  leading  to  some  rational  explanation  of  the  I 
tive  efiects  of  the  several  constituents  of  bones,  it  would  be  desirable  to  i 
comparative  experiments  of  the  following  kind —     . 

1  .  With  half  a  ton  of  bones  j)er  acre. 

2°.  With  three  or  four  cwt.  of  horn  flJiavings  or  gUu  per  acre; 

3^.  With  two  cwt.  of  bumed  bones  per  acre. 

4^.  With  six  or  seven  cwt.  of  burnecl  bones  per  acre. 

The  quantity  of  bumed  bones  in  No.  4  is  that  which  is  yielded  bjr  a  ton  of 
firesh  bones;  that  in  No.  3  is  upwards  of  five  times  what  should  be  taten  op  by 
the  crops — as  great  part  of  what  is  added  must  be  supposed  to  remain  in  tbt 
•oil,  wnile  some  must  be  dissolved  and  carried  off  bu  the  rains. 

The  result  «f  such  experiments  as  these,  if  made  accurately  on  different  soiIb^ 
will  lead  us  sooner  to  the  troth  than  whole  volumes  of  theoretieal  discussion. 

IL  Nitrate  of  sOda  has  also  been  applied  with  great  benefit  in  the  culture  of 
turnips.  Some  experiments,  exceedingly  favourable  in  an  economical  point  of 
Tiew,  have  been  made  by  Mr.  Barclay,  of  Eastwick  Park,  Surrey, t  who  found 
that  one  cvrt.  per  aore,  drilled  in  with  the  seed,  gave  as  great  a  retnm  of  Swedes 
is  15  bushels  of  bones  with  15  of  wood  ashes  per  acre,  and  when  the  nitrate  ol 
soda  waa  sown  broadcast,  from  90  to  26  per  cent.  more.  In  every  part  of  tfas 
country,  therefore,  this  substance  ought  to  be  tried.  And  as  this  nitrate  is  veij 
soluble  in  water,  and  may  therefore  be  readily^  carried  off  by  the  rain,  and  tm 
that  only  which  is  within  reach  of  the  plant  is  of  any  avail,  I  would  suggest 
tbiit  not  more  than  one-fourth  of  the  whole  ahould  be  drilled  in  with  the  seed, 
for  the  purpose  of  bringing  away  the  plant ;  and  that  after  the  thinninff  bv  the 
hoe,  the  rest  should  be  strewed  along  the  r  ows  by  the  hand  or  by  the  orill.    In 

*  Thiflj  I  beIi6T6,  Is  rather  «  matter  of  opinloa  than  the  recult  of  a  auflleicnf  noasber  ef  a» 
loal  trials.  Borne  trials  made  bj  Mr.  Bawden  (BriUah  BuSbaadiy,  L  p.  9St}  fave  rsaate 
very  unfavourable  to  horn  sbaviogs. 

t  XJabtM^  p.  84.    The  acre  here  spoken  of  Is  the  Haaaian,  about  tbrea-ftftha  of  the  £D|liA 
ae(a.    1%e  Englteh,  therefore,  wiU  raqulra  66  Iba. 
^  tJeqnMlortheBQgliahAffriealiiualfloclet7,Lp.49& 


this  way  the  whole  enerr^  of  the  Mlt  bemg  expended  whei;e  it  ii  reqaired,  Aa 
greateet  pdssible  effect  will  ht  prodticed. 

lit.  I  Dave  already  stated  the  reasMis  which  lead  me  to  antkipttte  t^fjtiiy  h^ 
neficial  effects  to  vevetation  ftom  the  use  of  solphate  of  soda ;  I  would  so^gest; 
therefore,  a  trial  of  this  sah  on  the  lamips  also,  at  the  same  rate  of  1  ewt.  per 
acre,  and  applied  in  the  way  above  teoommefided  for  the  nitrate  of  soda.  Of 
course  the  intelligent  fhmer  will  vary  the  propdtftions  and  mode  of  application 
0f  these  substances,  as  his  leisure  or  tionvenience  permit,  or  as  his  better  jttdg» 
Bent  may  sngg^t  to  him. 

The  entire  series  of  erperimenis  on  tniifips,  above  suggested,  may  be  reprs* 
tented  as  follows,  adding  two  plots  Ibt  diierent  propoiltons  or  (ho  nitrate  and 
iulphate  of  soda : — 


BnriMd  Boiiee, 

8  cart  per  sere. 

NMvsleeCflidSi 
l|e«tpiiraes» 

BoeeDuittor 
CruBhed  Booei, 
I  toa  per  mere. 

Biiraed  Bonei, 

6or7cwL  per 

woo. 

flolpbateof 

Bodl^ 

lewtperaersk 

HomShavlia. 
orOttie,7or8 
owLpatMre. 

Onnanared 

flalplMiteor 
llewtperaeM. 

Nitrite  of 
1  em.  per  MM. 

:$ome  of  these  experimenia  moat  of  you  may  ettsilv  try.  Those  with  Iha 
bnrned  bones  and  horn  shavings,  which,  w  this  pan  of  the  country  an  lesa  eaay 
to  be  obtained,  it  ia  not  to  be  expected  that  manjr  of  you  will  (hinK  of  uodertab* 
iM^.  I  hopa»  however,  thai  ihey  will  not  be  lost  sight  of  by  those  who  poeseas  S^ 
cihlies  for  obtaining  them  in  sumcientqtiaiitity  (oiwke  aaausGiclorv  experiment. 

In  many  parts  ot  the  United  Slates,  gypaom  is  the  universal  iertilizer  for 
«fory  crop,  and  among  the  leat  it  is  said  to  baneAt  tumipa.  The  same  opinion 
ia  entertained  in  Germany.  I  am  not  awan  how  fiifi  in  what  way.  or  with 
what  residts,  it  haa  been  applied  to  the  turnip  orop  in  this  country.  A  simple 
mode  of  testing  ita  efieacy,  however,  woirid  he  lo  atrew  it  over  the  planta  when 
in  the  rough  leaf,  on  part  of  a  teld,  the  whole  of  which  had  been  already  ma- 
nured in  theordinary  way  with  fold^yard  iManre.  The  ditference  of  pcoduoa 
would  thus  show  tta  eftcaoy,  in  the  given  ciroumstanoes ;  •nd  the  experiment 
could  be  made  efiectually  at  the  coat  of  a  single  owt,  of  gypeuro. 

I  have  not  ineluded  r^pe  duU  among  the  tnals  above  attuested,  thooeh  it  it 
usdottbtedly^uhder  oertain  modes  of  managemenl^  a  beneionl  nUnure  both  to 
•om  and  turnip  cropa.  Theie  is  aleo  a  divewity  of  opinioii  aa  to  the  cause  of 
its  fertilizing  action,  aa  well  as  a  manifest  diifefence  in  the  effect  of  different 
anmples  of  the  dust  on  the  same  soil.  Though,  therefore,  certain  experiments 
which  I  mar  on  a  future  occaaion  auggeat,  would  undoubtedly  throw  li^ht  09 
Ihe  eauae  of  the  good  qualities  of  this  manure,  yet  aa  iu  action  (taking  diflforenl 
aamplea)  ia  not  canstdtU  on  the  same  soil,  itaulta  obtained  witn  it  cannot  po»* 
aeas  the  same  imnortanoe,  either  theoretical  or  pmctioel,  aa  tnoae  Which  ore  ob-  / 
tarved  to  follow  worn  the  use  of  bonea  and  of  saline  substancea,  tha  compoai* 
tion  ofSrhich  ia  nearly  invariable. 

Many  formera,  however^  are  in  the  habit  of  constantly  using  rape  dust  If 
any  of  these  could  conveniently  maha  experimenta  on  the  effect  of  different  earn* 
plea  of  the  cake,  from  different  kinda  of  eeed,  and  Aom  different  oil  mills,  and 
vouki  accurately  note  the  resuka,  they  would  perform  an  important  service  in 
preparing  the  way  for  that  clear  explanation  or  the  cauae  of  ita  fertilising  aotknti 
which  ia  at  pieaent  wanted,*  and  which  experiment  alone  Can  diseoter  to  ua. 

-  lia«nod  eabcia  are  fea4i«Mv  tttrlbaled  to  the  eil  «hkh  It  toA  la  iheaeed,  aoflMe  vary. 
laaaeiloatoJhedighreotqaMiUMoroaisftlaUbjdtfRMrM^  IdeaH  hewafik 

if  the  oa  oQ^t  to  be  eooiidered  ss  more  thsa  a  secMsiy  caoss  of  its  beneijcisi  aetCBOb 


fft  or  itOTATOKi.  [Appendue, 

•      -  ,     IT.      QP  POTATOES.. 

!<*.  Nitnte  of  soda  has  been  applied  with  great  bene^t  to  potatoes  also.  A£- 
Isr  tlM  poftatoes^YS  been  haimpwed  down  and  ^faand^  hoed,  and  the  plants  an 
ioar  to  six  inches  above  the  ground,  it  is  appliea  by  the  hand  round  the  steal 
ttf  the  plants,  and  the  earth'  then  set  up  by  the  plough.  Mr.  Turnboll,  in  Dam* 
bartonshire,  last  year  used  it  in  this  way  at  the  rate  of  1|  to  2  ewe  par  Scoich 
acre,  (li  English  acres»}aiui  the  produce  exoeeded  that  of  the  land  to  which  no 
nitrate  was  amilied,  by  20  Scotch  b^  to  the  Scotch  acre. 

5^.  applied  in  the  same  way  there  u  every  reason  to  believe  that  the  sul- 
phate of  soda  would  have  a  highly  baneioial  effect  also.  X  lepem.  oiy  rcoom- 
mendation  that  this  substance- should  be  fidrly  tried  with  every  crop,  because  k 
IS  a  product  of  our  own  manufactories,  which  can  be  supplied  ui^  unlimited 
quantity,  and  without  the  chance  of  say  malerial  increase  of  cost:  while  the 
nitrate  of  soda  is  already  in  the  haada  of  speoulatoie,  end  within  a  short  period 
has  risen  in  the-aaiket  to  the  ezttnt  of  neariy  oiie^hiid  of  its  dinner  price. 

In  plastaing  their  potatoes,  the  Americans  generally  put  in  a  n)oonful  of 
gypsum  with  every  fitting — a  similar  method,  if  prefinred,  might  oe  adopted 
with  the  hitnte  and  sulphate  of  soda,  thou^  the  chance  of  loss  oy  percotation 
through  the  soil,  would,  by  this  method,  be  in  some  degree  increased.  In  Flan- 
d4rc^  wood  ashes  and  rape  dust  are  fiequently  thrown  in  by  the  hand,  when  each 
cutting  is  introduced. 

3^.  1  shall  have  occasion  hereafter  to  recommend  to  the  attention  of  the  prae- 
tical  fiirmer,  many  waste  materials  of  various  kinds,  thrown  out  from  our  msno- 
fiictofies,  the  application  of  which  to  uaefiit  purposes  would  be  a  great  national 
benefit  In-  reference  to  the  culture  of  potatoes,  I  will  here  bring  under  your  no- 
tie^  the  chloride  of  caldtim,  which  is  said  to  have  been  benelMaaHy  applied  to 
various  crops,  but  to  potatoes  especially,  with  surprising  effect.  Under  the  i»« 
fluenoe  of  tnis  substance  the  sunflower  and  maize  have  gtx>wn  to  the 'height  of 
14  to  18  fbetj  and  potaloes  have  attained  the  weight  of  2to  3  Ibe>  In  Germany, 
Sprengel  also  found  it  useful  to  potatoes.— ^d^mic/tfr  Landtoirtkey  L  j».  636.1 

Tbmisands  of  tons  of  chloride  of  calcium  may  eveiry  year  be  pxepwed  ftom  ne 


waste  materials  which  flow  into  the  river  T^ne,  from  tne  alkali  worics  upon  ita 
hanks.  Thousands  of  gallons  of  the  solution  of  this  substance  yearly  ran  off 
from  the  works  of  Messrs.  Alhin  A  Co  at  Heworth,  and  might  be  procured  ftr 
htile  more  than  the  expense  of  collecting.  It  is  also  contained  Isrgelv,  though 
mixed  with  other  substances,  in  the  moroer  liquor  of  the  salt  pans;  and  from  iha 
numerous  salt  woiks  on  the  coast  might  readily  be  obtained  for  trial.  When 
prepared  in  the  dr^  state,  this  substance  rapidly  deH^Hesces  and  runs  into  a  liimid. 
The  most  convenient  war  of  applying  it,  therefore,  would  be  in  the  state  of  so- 
lution—so  largely  dtlutea  as  to  nave  •only  a  slight  taste— and  by  means  of  a  wa- 
tering cart  so  contrived  as  to  allow  it  to  flow  on  the  tops  of  the  ridges  and  yonn^ 
plants,  by  which  unnecessary  waste  woukl  be  prevented. 

Without  knowing  the  strength  of  the  solution  Kkdy  to  be  obtained  from  the 

works,  it  is  impossible  to  give  any  idea  of  the  quantity  of  the  chlcvlde  of  calcium 

which  ought  to  be  enrolo^Ml ;  but  500  gallons  per  acre  may  saftly  be  need,  if 

the  solution  be  so  fiir  diluted  as  to  have  only  a  decided  taste  of  the  substance. 

The  experiments  heresumsted,  therefore,  require  four  patches,  as  follows:— 

— —     xh^30  experiments  arc  supposed  to  be  made  in  «roond 

already  prepared  for  the  potatoeerop,  by  the  usun  quan- 
tity ofmanure.  I  think  it  not  untikeir,  however,  that 
Ppracre.jcwt.|ifcre.  t^-  pJuntinp  the  potatoe  in  the  midst  of  nitrate  or  sol- 
jride  of  ptiate  (^mnkled  erver  with  dry  soil)  at  the  rate  of  |  ewt. 
lom,  800  Kumre  per  acre,  and  aftenrards  applying  I  owt.  per  acre,  when 
pracre.  only.  the  plants  aro  hoed,  a  crop  might  be  obtained  withoal 
—       the  use  ofmanure.    Of  course,  sueh  an  experimcat  ai 


[ni 


Nitnte  of 


jlb»da,ltotX«eda,IlolM 
cwL  pr  acre.  ewt.  pr  sere. 


Sulphate  of 


•The Jlrtaa, s Frendi ttrletjr  of  potsioe ktely  tntrnAieed Into  the Ihitted 
mmmty  iMdo  of  0QlttB«-7lekhi  lubwn,  Tory  many  of  whleh  welglr  t  fte.  sod 


No.  /.]  or  MIXED  Uaxvum,  '  ll 

this,  thoogh  important  to  be  made,  ehocdd  be  triad  candoiiiKy,  and  on  aack  a 
wU^  as  to  aeeurB  the  experimenter  from  any  serious  loss. 

In  the  above  suggestions  I  have  introduced  nothing  in  regard  to  mixed  ma- 
nures— ^though  where  plants  re<^aire  (br  the  supply  <m  aU  their  wants  nine  or 
ten  different  in^predients,  of  which  the  soil  they  ^w  in  ean  perhapa  yield  m 
sufficient  quantity  only  three  or  four,  it  is  odtious  that  the  Teij^iMst  r 


quences  may  follow  from  the  employment  of  mixed  manures.  To  this  class 
belong  common  night-soil,  urine,  anixnalised  carbon,  jNm^rstto  (night-soil  mixed 
with  lime  and  gypsum),  thepoukre  vegetaH/  fa  mixture  of  soot  lUkd  saltpecro), 
die  wrote  (now  manufactured  in  Liondon),  ana  many  others. 

The  mode  of  preparing,  and  the  special  uses  of  these  and  other,  mixed  ma- 
nures, win  be  explained  m  the  third  part  of  these  lectures,  which  will  be  devoted 
to  the  consideration  of  the  naturs  and  uses,  and  to  the  theoqr  of  the  aclioB  of 
natural  and  artificial  fertiltasers.  In  the  mean  time  it  ia  desirable,  in  the  iint 
place,  to  obtain  resulu  from  whidi  the  special  action  of  each,  when  used  alottt^ 
ean  be  fairiy  deduced. 

That  thoe  exf^eriments  may  hare  their  fVd!  value,  it  ia  indwoensable  that  a 
measured  portion  of  each  field  should  be  left  without  manure  or  dressing  of  any 
kind,  in  oraer  that  a  true  idea  may  be  formed  of  the  exact  effect  of  each  sub- 
atanee  employBd.  Experiments  axe  valuable  \o  the  practical  man  if  they  mere- 
ly show  the  superiority  of  one  species  of  manure  over  anothar^  but  they  are  in- 
aufilcient  to  show  how  much  each  of  them  tends  to  increase  the  produce— or  to 
anaUe  us  to  arrive  at  a  satisfhctory  explanation  of  the  mode  m  which  they 
aeverally  aet  in  promoting  vegetation. 

Among  other  important  experiments  lately  published,  to  which  the  abore  ob- 
servation is  applicable,  may  be  mentioned  tnose  of  Mr.  T.  Waite  of  Doncastet 
Theeffectsof  nitrate  of  soda  on  his  land  were  very  striking,  showing  a  remarkable 
increase  of  produce  over  bone  dust,  rape-dust,  or  rotten  fold-yardmanure— but 
he  doea  not  seem  to  have  determined  the  produce  of  the  same  land  daring  the 
same  season  and  loWUfui  maimre.  We  have,  therefore,  no  term  of  comparison, 
by  means  of  which  we  can  ascertain  the  absolute  or  even  the  exact  comparative 
•flfect  of  the  different  substances  employed. 

It  has  been  well  observed  by  Sir  Humphry  l^syyi  "^t  nothing  U  moss 
wanting  in  agriculture  than  experiments  m  which  au  the  draimsUinces  are  mi- 
Bulely  und  scientifically  detailed,  and  tSiat  ^is  art  will  advance  in  proportion  aa 
k  becomes  exact  in  ita  methods."*  The  above  sugi^eations  are  aubmitted  U> 
practical  men  in  the  hope  that  they  may  assist  in  introducing  such  exact  meth- 
ods into  our  agiioultural  operations,  and  at  the  same  dme  promote  tlie  theoreti- 
cal advancement  of  the  most  important  art  of  lifb. 

Exact  methods  lead  to  theoretical  discoveries,  while  these  aia  no  less  oectain- 
Ij  fbUowed  by  important  practical  improvementa. 


No.  n* 


Iir  iOnstratioB  of  the  effisct  of  sodden  alternations  of  tonperatnre  on  vcgataUa 
■ubstanoea,  explained  in  a  note  subjoined  to  page  37, 1  quota  with  pleasura  tka 

fhewelibtorsita.    Wbca  perfectly  itpa,UissaM  to  twaaesedsatlsUspoMoe,  and  to  ka 
best  in  Uiei|Nli«--JI«eivOyltf9aror,>rlA»«ft,  181k  *  ' 

*  AgrlcuUnnl  OiiMniitty,  Lectare  L 


19  <m  fuoDnr  ^juntaf^Kan  of  xmnsATims.         [4fff  i^f, 

fqUowuiK  iDstnictiT*  lettei  from  m  ablj  eqndQcted  montblT  journal  rwMidiiil 
at  Albany,  in  the  State  of  19  ew- York,  wider  the  tide  of  Uie  CuUive^,  Itia 
extracted  from  the  Number  for  March  last : — 

**  In  regard  to  Irish  potatoes,  a  still  thinner  coTering  of  earth  than  the  oas 
jqst  mentioned  suKces  with  us  to  preserre  them  flom  lotting.  Indeed,  it  would 
seem  as  if  thev  could  freeze  and  thaw  sereral  tiroes,  duao^  winter,  vithoat 
beine  destroyea.  prof  ided  they  are  coTered  wUh  ei^ih  ali  the  ume ;  Ibr  we  often 
find  Uiem  near  uie  surface  ana  perfectly  sount^  in  the  spring,  when  spwriing  vp 
the  ground  in  which  the  crop  nad  grown  during  the  previous  season.  Xmpb 
they  must  hare  underg^one  fireezing  and  thawine  whenever  the  eaith  was  m 
either  state,  as  it  oHen  is  to  a  much  greater  deptn  than  the  potatoe  roots  ever 
extend.'  Why  should  those  roots  always  be  destroyed  when  they  fiaexe  oApai 
fraundf  and  not  suffer  equally  when  (nwi  under  groumi  7 

"The  reas<m  whv  notatoea,  c^pplea,  &c.  become  soA,  and  rot  when  firo««i 
and  then  thawed  suaoenly,  uncovered  and  in  open  air,  ia  the  svdden  tnawinf. 
You  may  put  a  heap  of  apples  on  the  floor  of  a  room,  or  other  dry  plaoe,  wbeo 
they  will  neeze  perfectly  hard,  and  if  covered  close  with  any  thing  that  will  ex- 
clude the  air,  when  the  weather  beoomes  warm  enough  to  thaw,  the  ^{Ppfe*  vitt 
temain  sound  and  uniiyured,  aiter  they  are  thus  dosely  thawed.  The  cow 
may  be  of  the  coarse  tow  of  flax,  or  any  article  thai  will  cover  them  close  awl 
exclude  the  air.  So  apples  may  be  packed  in  a  tight  barrel,  if  ftfll  and  beaded 
up  so  as  to  exclude  the  air.  Tney  may  be  suffered  to  remain  so  in  a  ffuiec,  or 
any  diy  place  where  it  fteeses  hard,  and  they  will  be  found  sound  and  nte  fitm 
Injury,  irthe  barrel  remains  tight  till  they  are  tharaugJUy  tkavotd.  It  is  the  sud- 
den thawing  that  cauaes  the  apples  or  otner  vegetables  to  beconae  soft  and  rot. 

''  So  if  the  fingers  on  your  hand  be  frozen,  and  yon  expose  them  to  aoddsn 

Bwarmine  them  at  the  fire  and  they  suddenly  tbaw,  the  flesh  will  moirti- 
slough  off.  But,  if  you  treeze  your  fingers  or  other  limbs,  and  pot  them 
r,  ar4  rub  ^ntly  till  they  thaw, — or  if  put  into  a  p^il  of  water  just  drawn 
firom  the  well,  which  will  be  leas  cold  than  your  firozen  nogersi — they  will  thaw 
ilowlv,  and  suffer  but  little  injury. 

**  So  during  the  early  autumnal  firosts  in  September,  if  the  morning  ate  the 
fto9t  is  cloudy,  the  firost  will  be  slowly  drawn  from  the  firozen  vegaiables,  and 
they  will  be  uninjured  \  but  if  they  re-oeive  the  rays  of  the  eaily  and  clear  son, 
they  thaw  so  sucldenly,  that  they  will  hang  their  heads  and  pensh.  If  wet  with 
water  from  the  well,  long  enough  to  extract  the  firost  before  the  son  sbinsa  oft 
them,  they  do  not  suffer. 

'*  Onions  are  a  difficult  root  to  keep  in  winter.  If  they  are  not  in  a  eaflar 
warm  enough  to  save  them  firom  fit)st,  they  will  vegetate  and  be  aeteiioialed.  I 
put  them  in  the  warehouse,  where  they  fineeze  as  haid  as  if  out  of  doors.  If  in 
d  heap,  t  cover  them  close  with  aome  old  clothes,  or  anything  that  c|yvera  elose^ 
to  exclude  the  air.  The  same  if  in  boxes  or  casks.  They  freeze  hard,  bat  it 
does  not  appear  to  injure  them  for  present  use,  if  thawed  by  putting  them  into 
a  pail  of  fresh-dmwn  water,  to  draw  om  the  finoat  just  before  oodung  them. 
Onions,  thus  kept,  will  ht  in  gvad  eondttion  m  die  spring,  after  thawing  under 
cover  firom  the  air. 

"  I  put  parsneps,  carrots,  beets,  dec.,  in  boxes  or  casks,  and  then  cover  them 
with  potatoes,  which  preserves  them  firom  drying.*' 

In  further  illustration  of  thia  subject  I  neea  only  recall  tp  the  recoOeetion  of 
the  sardener  the  well  known  foct,  that,  when  the  winter  firosts  begin  to  set  in, 
andnis  finest  flowers  to  be  nJ|iped,  Ibpaa  ona&nne  to  blow  the  longest,  on  which 
the  sun's  rays  foil  latest  in  the  day.  Dahlias  protected  in  this  way,  will  Uoom 
Qcpsionally  for  weeks,  lifter  thoM  which  r^gaid  the  eastern  9kg  are  comply 
withered. 

1*h>fe8sor  Lindley  has  pulilished  a  series  of  valuable  observations  on  the  effects 
pf  extreme  cold  upon  ptants.  The  general  resuks  of  these  obaeivalions  sn 
Mated  in  hia  '^Thsofy  0/  flS»ftMillMfit,"  p.  68.    Bot  Iha  eondotions  at  wfaSdl 
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he  has  arrived  ate  deduced  from  the  appearance  presented  by  the  plant  after  it 
Was  thawed.  He  found  the  tissue  more  or  less  lacerated,  the  contents  of  the  air 
and  sap  Tessels  intermingled,  and  the  colouring  matter  and  other  secretions  de- 
composed. He  attributes  the  laceration  to  the  freezing  and  conseauent  exjMii- 
sion  of  the  juices,  but  this  cannot  be  the  necessary  consequence  of  mat  freezing, 
since  it  does  not  appear,  if  the  whole  tuber  or  leaf  be  slowly  thawed.  I  wouEl 
explain  the  phenomena  as  follows: — 

1^.  When  the  leaf,  fruit,  or  tuber  fireezes,  the  fluid  portions  slightly  expand 
in  becoming  solid,  but  the  air  in  the  air  vessels  contracts  in  at  least  an  equiu  de« 
gree,  and  thus  allows  a  lateral  expansion  of  the  sap  vessels  sufficient  to  prevent 
fesion.  When  the  temperature  is  slightly  raised,  tlie  air  expands  but  sushtlY, 
and  ice  is  melted  long  oefore  the  gaseous  substances  reach  their  ori^nal  duIil 

2^.  But  if  the  rays  of  the  sun  strike  suddenly  upon  the  leaf  or  flruit,  the  sur- 
face may  at  once  be  raised  in  temjTcrature  30®' or  40°  F.  The  air  will  consa- 
qaently  expand  suddenly,  and  before  the  sap  is  thawed  may  have  distended  and 
torn  the  v^sels,  and  caused  sap  and  air  to  be  mutually  intermingled. 

3°.  But  the  moment  the  sun's  rays  strike  upon  the  green  leu,  its  chemical 
functions  commence.  It  begins  to  absorb  ana  decompose  carbonic  acid :  and 
as  in  the  frozen  part  of  the  leaf  the  circulation  is  not,  and  in  consequence  of  the 
lesion  cannot  be,  established,  the  chemical  action  of  the  sun's  rays  must  be  ez« 
pended  upon  the  stagnant  sap ;  and  hence  those  changes  not  only  in  the  sap 
luelf,  but  even  in  the  solid  parts,  which  are  seen  to  take  place  in  the  withered 
leaf 

4°.  Though  not  in  a  state  of  growth,  the  tuber  of  the  potatoe  contains  the 
livinjg  principle,  and  there  must  be  such  a  circulation  going  on  in  its  interior  aE 
to  mamlain  an  approximate  equilibrium  of  temperature  throughout  its  sub- 
stance. A  sudden  thawing  of  the  exterior,  will,  as  in  the  ^eaf,  expand  the  air 
before  the  circulation  can  be  established  throughout  the  frozen  mass.  The  solid, 
fluid,  and  aenform  substances  which  natui-e  has  separated  and  set  apart  irom 
each  other,  will  thus  all  be  intermingled,  and  from  their  mutual  action,  those 
ch<*mical  changes  of  which  we  know  the  starch  of  the  potatoe  to  be  susceptible, 
will  speedily  ensue ; — ^in  other  words,  the  potatoe  will  rot. 

The  practical  applications  of*thpse  views  are  numerous.  If  a  sudden  froet 
come  on, — protect  your  delicate  flowers  in  the  early  morning  from  the  rays  of 
the  approachuig  sun,  and  cover  with  straw  or  earth  the  potatoes  which  have 
b^en  lefl  overnight  in  the  field. 


No.  III. 

XXSULT8  or  BXPBSIKEI9TS   ON   PRACTICAL  AORICULTXJBB   DUBXKO 
THS   8PKINO   AND   817XKSB    OF  1841. 

{Ste  Appending,  No.  1.,  and  LeOures  VJIL  and  IX.) 

In  a  preyious  article  inserted  in  this  Appendix,  and  which  was  publislied 
early  in  the  present  spring  (April,  1841,)  I  yentured  to  offer  to  the  practical  a^ 
riculturist  some  suggestions  in  regard  to  the  ea^perimental  use  of  certain  un- 
mixed manures.  From  the  results  of  iliese  experiments,  which  I  was  quite  sura 
some  of  the  many  zealous  agriculturists  of  the  day  would  be  induced  to  under- 
take after  the  manner,  and  wuh  the  precautions,  I  had  pointed  out,  I  anticipated 
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n  two-fold  advantage.  In  the  first  place,  that  important  practical  benefits  lo 
the  agriculture  of  certain  disnricis  would  be  derived  from  them^  and  secondly, 
that  interestine  and  important  light  would  be  thrown  by  them  on  many  pans 
of  agricultural  theory.  It  is  bv  experiment  thar  aU  the  i-emackable  results — 
theoretical  as  well  as  praciicaWof  modem  chemistry  have  been  arrlTed  at  j 
bui  by  experiments  cautiously  made,  frequently  repeated,  and  loeically  reason- 
ed from.  The  proceedings  of  the  practical  farmer  are  ^  continued  course  of  ex- 
perimental trials,  and  to  iMuvert  htm  into  an  experimental  philosopher,  and  to 
lead  him  to  philosophical  results,  it  is  necessary  only  that  his  experimenu 
should  be  made  wUk  a  constant  reference  l/t  veighl  and  weofurc,  and  should  be 
repeated  under  varied  and  carefuUy  noted  conditions — and  that  he  should  be 
taught  to  draw  from  them  no  conclusions  more  general  than  they  really 
justify. 

■  The  following  results  of  experiments  made  during  the  past  summer  confirm 
all  my  anticipauons.  Though  necessarily  somewhat  limited,  nnd  local  in  their 
nature,  they,  nevertheless,  present  on  the  whole  a  beautiful  illustration  of  what 
We  have  yet  to  expect  from  a  continuation  of  such  experimental  researches,  con- 
ducted in  so  skilful  a  manner^  I  need  not  especially  commend  the  experiments 
of  Mr.  Fleming  :  for  1  can  scarcely,  i  think,  render  a  better  service  to  practical 
agriculture  than  by  placing  all  of  tnem  in  the  hands  of  practical  men,  and  ear- 
nestly commending  them  to  their  careful  consideration  and  imitation. 

I.  Experiments  made  near  Aske  Hall,  on  the  properly  of  the  Eari  of  Zet- 
land, on  lots  of  half  an  acre  each. 


2.  SaU'-put  on  May  24--3  lnt4hds  cant.  Gs.  &/, 
Weight  of  grass  when  mown,  3  tons  19  cwt 
Weight  when  made  into  hay,  1    "    16    " 


3.  No  Manure* 

Weight  of  grass  when  mown,  3  tons  12  cwt. 

Weight  when  made  into  hay,  1     "      6    " 


1.  Soot^put  on  May  24—10  Inisiieh  cost  6s.  6J. 
Weight  of  grass  when  mown,  3  tons  16  cwt. 
Weight  when  made  into  hay,  1    "     15    " 


4.  NitraJU  of  Soda-^fnU  on  May  24 — 1  status 

cost  \\s. 
Weight  of  grass  when  mown,  4  tons  10  cwt 
Weight  wl^n  made  into  hay,  1     <*     12    " 


5.  Sulphate  of  Soda  (in  crystaHy-^pui  on  May 

34—4  stones  cost  1:0s. 
Weight  of  grass  when  mown,  3  tons  3  cwt 
Weight  when  ra^de  into  hay,  1    "    0    " 


G.  Sftlpkurie  Add—  i  put  on  May  26,  i  fntt  on 

June  1^  i  puton  June  1 1 — \blbs.  cost  bs. 
Weii^ht  of  grass  when  mown,  3  tons  4  cwt. 
Weight  when  made  into  hay,  1     "    6    " 
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N.  B,  The  cost  of  the  manure  does  not  include  the  expense  of  laying  it  on. 
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Mr.  Turner,  his  lordship's  a^nt,  thus  writes  :-^ 

"  Tho  plan  I  followed  in  puttine  on  ihe  different  manures,  and  the  quantitm 
usedj  accorded  as  nearly  as  1  could  manage  it,  with  the  direictions  given  in  your 
published  lectures. 

**  The  field  on  which  the  experiments  were  tried  is  situate  in  a  hij^h,  bleak 
climate,  and  consisU  of  a  thin  light  soil,  upon  a  bad  subsoil  of  barren  clay 
resting  upon  limestone.  It  had  t«en  completely  exhausted  by  a  succession  of 
white  crops,  and  was  full  of  weeds  and  quitkens.  I  had  it  well  ploughed,  and 
took  a  crop  of  drilled  tumlps  fairly,  but  not  extraraMntly,  manured.  The  crop 
was  a  poor  one.  I  plouglted  the  land  as  soon  ns  tne  turnips  could  be  got  olT. 
Drained  it*,  and  in  the  sprint  woiked  it  very  fine.  The  following  August  I 
sowed  it  away  with  grass  seeds  without  a  crop.  The  seeds  came  up  beautifVil- 
ly,  and  were  Uie  admiration  of  all  who  saw  them,  keeping  a  deep  green  through 
the  winter,  and  beginning  to  grow  early  in  the  spring;  and  it  Ivas  tn  this  crop 
that  the  experiment  Was  tried  early  in  the  sucoeeoing  summer. 

"  I  need  scarcely  remark,  that  the  crop  of  grass  for  sodi  land  was  enornious, 
and  has  ftdly  repaid  the  money  expanded  upon  it,  with  Uie  excrptttm  t»f  dmin^ 
ing,  and  in  two  or  Umm  yeare  I  have  «io  ikmtA  but  it  will  repay  this  alaok" 

RxMABKs. — On  comparing  the  effect  of  these  several  top-dressings  as  indi- 
cated by  the  results  above  stated,  the  reader  will  be  struck  with  the  extraordi- 
nary increase  caused  by  the  aodition  of  common  salt  1  hav«  in  the  text 
(Lecture  IX.,  p.  190,)  indicated  a  principle  which  may  serve  to  explain  m  sokib 
measure  both  tne  localities  in  which  die  use  of  common  salt  may  be  expected 
to  be  beneficial,  and  the  reason  why  in  many  parts  d(  oat  isiana  the  emphiy- 
ment  of  this  substance  has  not  been  attendee!  vy  any  large  measure  of  avooesa. 
The  position  of  the  land  experimented  upon  by  Mr.  Turner,  is  such  as  to  lead 
vs  to  expect  it  to  be  improved  by  common  siut,  accorditig  to  the  views  th^ra 
stated. 

^  The  nitrate  of  soda  produced  less  effect  than  either  (he  common  salt  or  thn 
voot,  but  itgave  an  increase  which  wai  double  of  chat  yielded  by  the  solphaca 
of  soda.  The  latter  sah,  however,  was  applied  in  the  state  of  crystals,  whidi 
contain  53  per  cent  of  water,  so  that  less  than  one  half  tif  that  weight  of  <2ry 
salt  was  used,  which  was  recommended  in  the  suggestions  I  olfereid  fbt  the 
employment  of  this  substance  in  practical  agriculture.  At  the  same  time,  the 
price  paid  by  Mr.  Turner  for  this  salt  was  four  tima  as  great  as  it  ought  to 
have  been.  Anv  quantity  of  the  i/ry  sulphate  of  soda  may  be  nrocured  at  lOa. 
a  cwt.,  at  whicn  price  it  is  forwarded  in  casks  to  all  parts  of  the  country  by 
Messrs.  Allan  Ac  Co.,  Heworth  Alkali  Woika,  Newcaaila. 

The  moat  valuable  practical  suggeatiDn  to  be  derived  froiB  these  ezperioBents 
ia  certainly  thi»— that  a  liberal  use  of  coohmni  salt  is  likely  to  incnaae  in  a  great 
4egvee  the  produce  of  ^praas  in  the  locality  whefe  they  were  made^  and  on  the 
same  kind  of  soil.  This  valuable  diaoovery  will  far  mon  than  Rpay  the  ex- 
pense and  trouble  of  the  entire  aeriea  of  exoerimenta.  No  af^plicatioo  ean  be 
•o  cheap  as  this,  9o  long  as  U  succeeds.  At  tne  same  time  a  mixture  of  the  otiier 
•ubetancea— the  oitrata  and  the  sulphatei  which  were  partially  aucceasAil—anif  ht 
poaaibly  prove  still  more  efficacious  on  the  grass,  and  might  be  expected  even 
to  ameliorate  the  condition  of  the  land  for  the  further  production  of  white  cfopa. 
In  a  future  part  of  this  Appendixl  intend  to  oficr  some  auggeations  in  regard  to 
«he  kind  and  quaniUy  of  the  ingredients  which  may,  with  probable  advamagai 
enter  into  the  constitution  of  these  missed  aumtcres. 

I  have  calculated  and  introduced  into  Mr.  Turner's  taUe  an  additional  ool- 
exhibiting  the  weight  of  hay  yielded  by  1 00  lbs.  of  gvaaa,  with  the  view 


of  showinc  the  relative  succulence  of  the  several  cropa  when  cut    As  a  sea- 
and  rule,  ue  weight  of  dry  hay  doea  not  exceed  one-fourth  of  the  weight  of  the 

Esse  when  cut    In  the  experiments  of  Mr.  Turner,  however,  the  weight  of 
y  in  every  case  was  mucii  beyond  thia  qoantity^the  Moat  suecalent  drop, 
diat  to  whseh  no  dresamg  waa  applied,  yiehungdfiper  cent  of  hay.    This  |aii* 


«ral  restflt  may  have  been  partly  due  to  the  state  of  ripeneM  in  which  all  the 
gmaaef  were  cut,  while  the  greater  produce  of  hay  from  the  dressed  pbrtions 
may-indicate  the  relative  ripeness,  and  therefore  drynen,  of  each  when  eat  dowxu 
It  is  evident,  thensfore,  that  the  relative  values  of  crops  of  eiass  or  clover  aie 
not  to  be  judged  of  by  the  several  weidits  when  green,  but  by  the  weights  of 
the  dry  hay.  This  is  fUrther  confirmed  bv  the  results  of  an  eitperimem  with 
nitrate  of  soda,  communicated  to  me  bv  Mr.  Canruthen,  of  Warnionbie,  neiir 
Annan,  in  which  the  relative  weights  of  bay  obtained  were  much  vt^e  injanfouf 
of  the  use  of  the  nitrate  than  the  several  Weights  of  grass  yielded  by  the  dressed 
and  undressed  portions  of  the  field.  On  U^  contrary,  from  a  field  on  Oliver 
Farm,  near  Richmond,  Mr.  Sivers  informs  roe,  that  the  weight  of  hay  wassnifil 
leu  in  favour*  of  the  use  of  the  nitrate  of  soda  than  the  relative  weights  of 
grass,  in  all  cases,  therefore,  the  weight  of  the  dry  crops  obtained  bv  oiflrereBt 
methods  should  be  comjpared  with  each  other^^as  the  safest  lest  of  the  relative 
merits  of  the  several  modes  of  procedure  by  which  they  have  respectively  been 
raised. 
II.  Ezperimeiits  made  at  Erricine,  pa  the  property  of  Lord  Blantyre. 
1  insert  the  clear  and  well-digested  staleiiittit  of  his  LAnlsliip's  agent  withooi 
•horation;— 

"  Predtind.  Ertkme,  by  Old  KilpatHck^  Olofg^w,  29^  July,  1841. 
"  Sir-'Agreeahly  to  Lord  Blantyre*s  instructions  I  send  you  a  copy  of  the  re- 
sults of  some  ezfteriments  with  manures  on  youn^  gross  Cvc  hav,  undertaken 
on  two  separate  pieces  of  land— the  one  a  very  good  Ught  soil  (subsoil  gravel) ; 
the  other  stiff  clay  soil  with  a  clay  subsoil.  The  manures  were  applied  on  1st 
May,  the  hay  cut  on  the  1st  and  weighed  on  the  lUth  July  current;  the  extent 
of  each  plot  one-twentieth  of  an  imperial  acre.  From  the  small  extent  of  each  pioc 
it  will  b«  evident  that  the  results  cannot  be  exactly  depended  on,  farther  than  as 
a  ^neral  result ;  because  in  so  small  a  portion  oi  land  the  least  variation  in  the 
■od  or  crop  naturally  will  affect  the  results  very  materially ;  still,  on  the  wlkole, 
I  am  of  opinion  that  the  experiment  gives  tbfl  oomparative  view  of  ihe  value  of 
the  different  manures  used  preuy  nearly. 

"  One  thing  has  astonished  us  with  regard  to  soda  (nitrate).  On  all  the  fields 
I  have  observed  it  sown  on,  the  part  dressed  has  a  much  greater  vig<^r  of  afrer^ 
math  than  where  no  nitrate  of  soda  Was  mven :  showing  that  this  manure  ia  noi 
40  evanescent  as  wAs  generally  supposed. 

"I  am,  Siur,  your  most  obedient  servant, 

"  Jas.  Wilson." 
Experiments  vHh  Mamtns  as  a  taghdrminf/ar  Bay,  at  Brskme^  1841. 
Rbmarits  —It  will  be  observed  in  these  estperiments,  tlmt  the  saltpeiie  and 
nitrate  of  soda  produced  %eturky  an  equal  increase  on  both  kinds  of  sou,  the  n- 
tmte  of  soda  having  the  greater  eiVect  on  the  light,  the  nitrate  of  potash  on  the 
heavy  soil.    Next  to  th^se  on  the  light  soil  an  the  common  salt  and  sniphaieof 
soda,  though  on  the  heavy  soil  the  eomroon  salt  had  the  better  eifect  of  the  twa 
It  is  to  be  observed,  however,  that  in  this  ease  the  sulphate  was  used  in  crystals. 
«nd  therefore  only  in  half  the  quantity  neommended.    Had  twice  the  omantity 
been  employed  upon  the  light  soil  the  produoe  might  have  equalled  that  from  tw 
nitrates. 
It  is  a  smgolar  illostration,  howHrer,  of  the  necessity  of  applying  different 
^  substances  to  different  sotls-— that  so  far  as  this  experiment  is  to  be  depended 
iipon,  the  sulphate  of  soda  almost  entirely  failed  on  the  heavy  land. 

The  most  valuable  practical  deduction  from  these  experiments  also,  is,  that 
on  both  the  soils  in  question,  the  grass  land,  m  Us  ffrearnt  condition^  may  be  saltsd 
to  advantage.  At  the  same  time,  it  appears  probable  that  on  the  lignt  soil  the 
increased  produce  would  amply  repay  uie  cost  of  applying  either  nitrate  or  sol- 

*  !■  Mr.  ■iveiV  expetimeoia,  lOQ  aqoare  vtrris,  nitreltd^  nve  63  stones  of  ho,  amUtnlsd 
'^.*!?*^  ^^  ^***"  dr/  thejr  w«ri  rsdoced^  12  Moass  each.  How  very  aMwhsMu  sas^ 
•utaK  OMS^fmsee  irere  tlMa  ttMSs^f  Mr.  ^taMvf 
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phate  of  soda  at  the  rate  of  190  lbs.  per  acre — the  latter  being  in  its  dry  or  tin- 
crystallized  state. 

Tlie  effect,  generally,  of  all  the  dressings  is  strikingly  i^eater  on  the  H^ 
soil — a  &ct  wnich  speaks  strongly  in  favour  of  the  adoption  of  any  of  ihote 
methods  by  which  the  openness  and  friability  of  the  land  has  been  found  to  be 
permanenily  promoted.  On  the  stiflf  soil,  even  the  ammonia,  by  some  deemed 
so  vitally  necessary  to  vegetation,  appears  to  have  produced  no  sensible  alter- 
ation. 


~i 

Maaures  iia^dt  ani  qnnnittlei  ippliedi  to    ^  f  ^  -^ 
each  plot  pf  U2DtM  t*f  m  acre.             f^-  .  £  r 

f^Mtai  produce  [TvtMi  Additloiull 

|» 

-r 

wpight  p¥t     \ 

E 

ImptTi 

d  Aerfi. 

Impeh 

il  Acne, 

1 

Exp.  I.  Gitod  Ugkl  soil^  sulseii  gravd. 

1  lb.  sulphuric  acid,  diluted  in  47  I 

galls,  water         .        .        .      ) 

271 

44 

tu,  cwt  qrm.  Um. 
3    8     1  16 

-     7 

qra-lbt. 
3  13 

2 

6  lbs.  saltpetre  (nitrate  of  potash) 

322 

95 

2  17 

3    0 

-  16 

3^24 

3 

eibs.  nitrate  of  soda  . 

339112 

3    0 

2    4 

1    0 

0    0 

4 

Gibs,  sulphate  of  soda  (in  crystals) 

292;  65 

2  12 

0  16 

-  11 

3  13 

5 

17  lbs.  gypsum  .                ... 

2541  27 

2    5 

1  12 

-    4 

3    8 

6 

1  bush,  wood  charcoal  (pounded) 
\  bush,  common  salt,  25  galls,  water 

277'  50 

2    9 

1  24 

-    8 

330 

7 

294!  67 

2  12 

2    0 

-  11 

334 

8 

I  eal.  ammoniacal  liquor,  47gls.water 
iMo  application  .... 

277   50 

3    9 

1  34 

-    8 

330 

9 

227 

— 

2    0 

2    4 

-    - 

-    - 

Exp.  II.  day  soil,  subaoU  dof. 

1 

1  lb.  sulphuric  acid,  diluted  in  47  \ 
galls,  water     .        .        .         ) 

256 

26 

2    5 

224 

-    4 

3  16 

3 

6  lbs.  saltpetre  (nitrate  of  potash) 

286 

56 

2  11 

0    8 

-  10 

0    0 

3 

61^s.  nitrate  of  soda  . 

2H2'  62 

1  10 

1  12 

-    9 

1    4 

4 

6  lbs.  sulphate  of  soda  (in  crystals) 

232i    2 

3    1 

1  20 

-    0 

1  13 

5 

17  lbs.  gypsum  .... 

240|  10 

2    2 

3  12 

-    1 

3    4 

6 

1  bush,  wood  charcoal  (pounded) 

257   27 

2    5 

3  16 

-    4 

3    8 

7 

i  bush,  common  salt,  25  galls,  water 

269   39 

2    8 

0    4 

-    6 

3  24 

8 

No  application  ....        |23U>  — 

I  15 

3  16 

9 

2    1 

0    8 

-    - 

-    - 

The  Dressings  were  applied  1st  May,  the  Grass  cut  1st  July,  and  the  Hav 
weighed  19th  July.  ' 

III.  Ej»>eriments  made  under  the  immediate  superintendence  of  W.  Flemiitf, 
Esq.,  of  Barochan,  near  Paisley,  and  on  ^s  own  properly.  The  statementli 
drawn  up  by  Mr.  Fleming  himself. 

1. — Experiments  on  Hay  with  NitraU  and  Sulphate  of  Soda  and  with  Cfypsum, 


Deacriptiooor 

Rale  per  )  Weicht  per 
imp.  IloofljRood,  green. 

Weifflit 

No. 

Field. 

DreaaiQc. 

wheD  acack'd 

1 

Covenlea. 

Nothing. 
Nitrate  of  Soda. 

__ 

3361  lbs. 

1120  lbs. 

2 

Do. 

40  lbs. 

4907  " 

1636  " 

3 

Do. 

Sulphate  of  Soda. 

40  lbs. 

3966  " 

1322  « 

4 

Do. 

Gypsum. 

10  lbs. 

3H31  " 

1277  " 

1 

Crook's  High 

Nothinz. 



4436  " 

1478  " 

2 

Do. 

Nitrate  of  Soda. 

40  lbs. 

41*99  " 

1666  « 

I 

Crook's  Low. 

Nothing. 

2185  " 

728  " 

2 

Do. 

Nitrate  of  Soda. 

40  lbs. 

3764  " 

1254  « 

3 

Do. 

Gypsum. 

80  lbs. 

3110  " 

1036  " 

18 
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Charader  of  the  Sin^— Nos.  1,  2,  3,  and  4  were  good  sharp  soil,  on  nUen 
roek^  (decayed  trap,)  all  as  near  as  possible  the  same  description  of  land, 
drained,  and  lying  together.  Nos.  1  and  3,  Crook's  High,  stiff  clay,  drained; 
the  hay  was  after  wheat  Nos.  1,  2,  and  3,  Crook's  Low,  li^t  clay-loam, 
drained ;  the  hay  was  after  barley. 

On  Covenlea  the  dressings  were  applied  on  the  22nd  of  April,  and  the  hay  cut 
on  the  2nd  of  July ;  on  the  oll-ier  fields  the  nitrate  and  gypsum  were  applied  oa 
the  12th  of  April,  and  the  hay  cut  on  the  9th  of  July. 

N.  6.  The  above  is  the  average  of  trials  in  three  parts  of  the  Covenlea  field; 
a  small  portion  of  moss  was  also  sown  with  nitrate  of  soda,  in  the  low  part  of 
the  same  field,  but  no  benefit  was  observable,  beyond  the  usual  dark  green 
colour  which  appeared  about  ten  days  after  the  application.  I'he  sulphate  of 
soda,  although  evidently  beneficial,  does  not  produce  the  dark  green  colour.  In 
,  the  Crook's  fields  the  effect  of  nitrate  of  soda  m  producing  the  dark  green  colour 
was  as  remarkable  as  in  the  Covenleu  field.  The  gypsum  on  both  fields  seems 
to  have  had  a  good  effect,  particularly  on  the  aftermath  clover. 

Hrmarks. — In  these  exfjeriments  also  the  sulphate  of  soda  was  used  in  only 
half  the  quantity  recommended.  By  referring  to  the  prices  paid  by  Mr  Fleming, 
it  will  appear  that  the  use  of  sulpliate  of  s(Kla  gave  nn  increase  of  200  lbs.  SI 


^  little  more  than  half^e  cost  of  the  same  weight  of  increase  derived  from  the  ni- 
trate. A  similar  remark  applies  to  the  gypsum,  so  that  these  experiments  give 
ample  encouragement  for  tlie  application  oif  both  these  substances  in  somewbal 
large  quantity  to  succeeding  crops,  on  the  same  land. 

2.—Experime7Us  on  Winter  Rye,  dressr.d  with  Nitrate  of  Soia,  Lime  \eiih  PetasA, 
Sulphate  of  Soda,  and  Muria'e  of  Ammonia  (Sal  Amnumtac,) 


~ti  lie  per 

"W.fehiof 

WH?hf  ot 

bi»hel« 

No. 

Field. 

Desciiption  of 

rood 

Grain. 

Sir»w 

per 

DrpstlDff. 

imperial 

per  ruod. 

perrtjod. 

rood. 

1 

Garden  Plot. 

Nothing. 

^. 

160  lbs. 

1024  lbs. 

3* 

2 

Do. 

Nitrate  of  Soda. 

40  lbs. 

336  " 

I6fi4  " 

61 

3 

Do. 

Lime  and  Potash. 

40  " 

272  « 

1344  «* 

5i 

4 

Do. 

Sulphate  of  Soda. 

40  ** 

224" 

1152  " 

4i 

5 

Do. 

Mur.  of  Ammonia 

5  " 

232  " 

1216  " 

41 

Character  of  the  iSwi.'— Tilly  clay,  wliich  had  been  trenched,  and  in  potatoes 
the  year  before.    The  Rye  was  sown  on  their  being  liAed  in  October,  1840. 

The  applications  were  made  on  the  l4th  of  April,  the  grain  was  cut  on  the 
9th  of  August,  and  tlirashed  on  the  25th. 

N.  B.  As  early  as  the  end  of  April  the  effects  of  tlie  nitrate  of  soda  were  very 
apparent  finom  the  dark  green  cok>ur  produced,  and  broad  leaves,  and  after  it  was 
npe  the  heads  were  longer  than  any  of  the  others ;  but  it  was  so  strong  that  it 
was  laid  a  month  before  it  was  cut;  none  of  the  others  were  laid.  Every  ap- 
plication teems  to  have  done  ^ood,  by  increasing  the  prbduce.  The  potash  and 
lime  was  made  by  slaking  quick-lime  and  sniid  with  a  solution  of  potash,  and 
allowing  them  to  lie  together  for  a  month.  As  much  was  used  as  contained  1 
lb.  of  carbonate  of  potash  to  tlie  pole. 

Remarks. — From  these  experiments,  it  appears  that,  besides  the  proportionate 
increase  of  straw,  that  of  grain  was 

From  nitrate  of  soda,        12  bushels  for  31s.  Od.,  or  2s.  9d.  per  bush. ; 
"      lime  and  potash,       7        "      for  33s.  6d.,  or  4s.  9d.      «♦ 
'«      sulphate  of  soda,      3        *"      for  7s.  Od.,  or  2s.  4d.      " 
/*      tal-ammottiac,  5       •*      for  lOs.  9d.,  or  8fe.  2d.      " 
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Althoagh,  therefore,  the  total  iAcrease  by  the  employment  of  sulphate  of  soda 
and  muriate  of  ammonia,  in  the  proportions  actually  put  on,  was  not  so  great  as 
by  the  use  of  the  other  two  dressings,  yet  this  increase  was  obtained  at  a  con- 
siderably less  cost  per  bushel.  The  lime  and  potash,  though  producing  an  im- 
portant effect,  will  probably  not  yield  a  remunerating  return  with  this  crop  an 
Ikis  saU^  while  the  results  hold  out  a  fair  inducement  for  the  trial  of  the  last  two 
djressin^  in  larger  and  varied  proportions. 

.  The  Ive  samples  weighed  respectively, —45  3-5,  51  3-4,  51  4-5,  52  3-5,  and 
48  4-5  lbs.  per  Bushel,  so  that,  while  on  all  the  dressed  plots  the  grain  was 
heavier  than  on  the  undressed,  that  which  was  dressed  with  sulphate  c  * 
was  considerably  the  heaviest 

^.--Kcpermunts  on  Wheat  fidd^  Orw^z  {crop^  1841.) 


No. 


Description 

ofTop-dreMlog. 


Nitnite  of  Soda. 

Potash 

and  Lime. 

Common  Salt 

Mor.  Ammonia. 

Nitrate  of  Soda 

and  Gypsum. 

Nitrated  Soda 

and  Rape-dust 

Mur.  Ammonia 

and  Lime.  - 

Common  8<dt 

and  Lime. 

Nothing. 


Kate  per 
Scotcti  acre. 


Welffht  of 
pCOdoGS  of 
Gnlnof 
yiih  acre. 


IGOIbs. 
160  lbs.    j 

40  bush.  \ 
160  lbs. 

90  lbs. 

80  lbs.    I 
leObuah.) 

do  lbs* 
5cwt 

90  lbs. 

40  bush.! 

98  lbs. 

80  bush,  i 


Wipe 

Orein 
pr.  bahL 


300  lbs. 
210  " 

249  " 

908  " 

214  " 

240  « 

230" 

200" 
190" 


68  lbs. 
62  " 

62  " 

62  « 


62i" 

63  " 
63i" 


Weight  of  tt^ 
tal  prodaee. 
•eAen  cuf,  or 
%i\i  an  acre. 


9,600  lbs. 

8,930  " 

12,540  " 
8,360" 

8,690" 

11,970  " 

9,500  " 

8,740  " 
8,060  " 


Ciuvrader  of  the  Soil. — The  land  was  a  heavy  loam,  and  of  as  nearly  as  pos- 
sible the  same  quality.  It  had  been  in  potatoes,  and  the  wheat  Was  sown  when 
they  were  lifted  m  October,  1840. 

The  applications  were  all  made  on  the  I3lh  of  April,  and  the  crop  was  reaped 
on  tlie  2a  of  September. 

The  produce  of  (th  of  a  Scotch  acre,  thrashed  and  weighed  and  well  cleaned, 
gave  an  average  of  firom  32  to  33  bushels  of  61  lbs.  each  per  Scotch  acre  of  grain* 

RBMARKs.^-This  table  presents  us  with  two  remarkable  resuUs,-~that  ob- 
tained by  the  use  of  common  salt,  and  that  from  a  mixture  of  soda  and  rape- 
•dixst    Thus,  exclusive  of  the  straw, — 

Nitrate  of  soda  alone  gave  159  lbs.  of  wheat  for  31  s.,  or  12s.  2d.  per  bushel : 

Nitrate  with  rape-dust  gave  400  lbs.  of  wheat  for  43s.  fid.,  or  6s.  9d.  per  bushel ; 

Common  salt  gave  472  lbs.  of  wheat  for  3s.  6d.,  or  6d.  per  bushel. 

The  increased  produce,  by  the  use  of  common  salt,  is  by  fhr  the  most  valua- 
ble result  to  Mr.  Fleming  in  an  economical  point  of  view,  and  plainly  indicates 
the  kind  of  application  he  can  most  profitably  make — ^to  his  wheat  crops  at  least-* 
on  land  similar  to  the  above,  and  in  the  district  where  he  resides. 

Neither  the  nitrate  of  soda  nor  the  mixture  of  (his  salt  with  rape-dust,  gava 
such  an  increase  as  to  i^pav  their  own  cost,  unless  when  com  is  very  high.  It 
is  interesting,  however,  to  observe  that  the  mixture  with  rape-dust  gave  so  large 
an  increase,  though  the  value  of  this  particular  experiment  is  lessened  by  the  ab- 
sence of  any  trial  with  rape^ust  alone,  by  which  the  effect  of  each  of  the  insre- 
dients  ought  to  be  judged  of.  I  have  reckoned  the  rape-dust  at  ir7  a  ton,  so  that 
5  cwt  would  cost  98b.,  and  we  know  that  a  top-dressing  of  this  substance  alone, 
in  a  somewhat  larger  quantity,  gives  a  remunerating  return  in  many  of  ottt' wheai 
lands. 


^ 


UtfKltllWfTf^pll  EARLT  POTATOB*< 


Mr.  Omhwatte,  of  Banestei  in  the  North  Riding  fi(  Yoricshiie,  a  akilllil  and 
enteiprising  practical  farmer,  who  has  for  some  years  been  using  rape-dust  over 
a  great  breadth  of  his  wheat  crop,  h&f  favoured  me  with  the  result  of  one  of  hit 
more  accurate  trials  on  spring  wheat,  made  during  the  past  season.  The  wheat 
was  sown  afler  turnips  taken  off  iii  April,  and  part  of  the  field  was  dressed  with 
rape-dust  at  the  rate  of  5|  cwt.  (or  at  £l  a  ton,  of  408.)  per  acre.  The  produoe 
of  the  dusted  portion  was  39  bushels,  and  of  the  undusted  29  boabels  per  acxe, 
and  the  increase  of  straw  was  one«fifth  of  the  whole.  Both  samples  weie  of 
equal  weight,  and  sold  at. the  same  price, — 8s.  3d.  per  busbel.  In  this  euxD- 
ment  the  increased  10  bushels  cost  40s.,  or  48.  per  bushel,  giving,  ob  a  iBxgt 
breadth  of  land,  a  handsome  remuneration. 

These  results  will,  I  trust,  encourage  others  to  make  trials  nmilar  todMiae  of 
Mr.  Fleming  and  Mr.  Outhwaite ;  while  these  gentlemen  will,  doubtless,  bein- 
duoed  each  to  try  that  application  which  has  succeeded  so  weU  in  the  ocher^s 
hands.  It  might  be  useful  as  well  as  interesting  to  compare  the  produce  of  fiiar 
plots  anrangea  and  dressed  as  follows: — 


Common  Salt 

Rape-dust 

Common  Salt 
and  Rape-dust 

Nothing. 

4. — ExferimenU  on  Early  PoUUaei,  1841. 
All  were  dunged  in  the  usual  manner  with  Ihrm-yani  manure,  at  tbe  rate  of 
about  9D  cubic  yards  per  acre.    The  potatoes  were  all  plaoled  on  the  25dk  of 
March,  on  the  same  heavy  black  soil.    The  several  dicssings  were  applied  on 
the  90th  of  May,  and  the  potatoes  were  all  lifted  on  the  98th  of  September. 


Description 
Top-dretsing. 


Nothing. 

Nitrate  of  Soda. 

Sulphate  of  Soda. 


Hate 

per  imp. 

acre. 


160  lbs. 
900 


Do.&Nitr.ofSoda900  •« 


Pnidtice 

per  Imp. 

acre. 


6(ibolU. 
80    »* 
73    •' 
107    « 


Weifht  of 
PitHlace  of 
18  jards  drill. 


77  lbs. 
93    " 
86  "  • 
194  •• 


iVs^f.— The 
peck  is  35  lbs. 
weight,  and  16 
make  a  boU 
or  5  cwt 


This  break  of  ground  consists  of  a  piece  of  poor  clay  mixed  with  moss,  about 
9  inches  deep ;  subsoil  a  very  stlffbluB  tilL  The  dung  was  old  from  the  farm-yard, 
about  the  ordinary  quantity  (30  cubic  yards  per  acre)  spread  upon  the  laoti,  and 
dug  in.    The  potatoes  were  drilled  in  with  the  hoe ;  as  the  ground  was  wet  the 

SUuits  came  up  but  weak.  The  nitrate  of  soda  was  sown  before  the  other  U>p« 
ressings,  and  had  remarkably  quick  effect,  as  it  showed  the  third  night  after 
being  sown.  The  sulphate  of  soda  does  not  occasion  the  dark  green  colour 
whidi  is  seen  upon  the  potatoes  after  the  dressing  of  the  nitrate,  but  there  is  not 
the  smallest  doubt  of  iu  beneficial  effects,  although  not  in  so  great  a  degree  as 
the  nitrate.  The  mixture,  which  is  composed  of  {ds  of  sulphate  of  soda  and  id 
of  nitrate,  has  a  wonderful  effect  in  strengthening  the  growth  (which  it  ke^pa 
longer  than  with  nitrate  alone),  and  the  mixture  has  the  same  eneet  inprMfocing 
the  daric  green  colour  as  the  nitrate  alone. 

Remarks. — That  a  mixture  of  substances  is  likely  to  be  more  efficacious  as  a 
dressing,  than  the  application  of  one  substance  alone,  except  in  peculiar  cirrum* 
stances,  is  consistent  not  only  with  long  practical  experience— for  how  many 
substances  are  mixed  together  in  fimn-yara  manure  t — but  also  with  the  theore- 
tical principles  laid  down  in  the  text  [See  Lectures  IX.  and  X.]  These  experi- 
ments upon  pot&toes  show  that  this  crop  upon  Mr.  Fleming's  land  wasbenentted 
by  both  nitrate  and  sulphate  of  soda,  but  in  a  vastly  greater  degree  by  a  mixture 
of  the  two.  And  I  might  consider  my  sti;;;grstion  in  regard  to  "the  employment 
of  sulphate  of  soda  as  a  manure,  to  have  fcn  of  no  mean  use  in  practical  agri- 
cukure,  had  it  led  to  noihia^else  than  lo  this  happy  mixture  of  Mr.  Fleming. 
I  haTS  reoeiTed  also  irom  Mr.  Fleming's  gardener  (Mr.  Akxander  Qardincr) 


No,  til}  Kzniuiaim  o^r  siblt  potatob«. 

a  rery  well  digested  and  well  drawn  up  paper,  detailing  numeroas  < ..     . . 

made  by  himself  during  the  past  summer.  Amongr  these  is  one  upon  tlie  use  of 
this  same  mixture  upon  thepotatoe  crop,  which  I  shall  quote  in  his  own  words: 

"April  26th. — Planted  potatoes  of  the  red  Don  Tariety,  soil  a  mellow  loam, 
two  feet  deep,  subsoil  yellow  till.  Farm-yard  dung  was  trenched  in  some  days 
before  planting,  at  the  rate  of  40  cubic  yards  per  acre ;  sets  drilled  in  with  the 
hoe.  Plants  came  up  Tery  regular,  ana  were  top^ressed  with  a  mixture  of  | 
sulphate  and  }  nitrate  of  soda  on  June  Snd,  at  the  rate  of  3  cwt  per  acre.  They 
grew  rery  strong  after  this  application.  Stems  six  or  seven  feet  in  lengthy  darlc 
men,  and  the  produce,  when  lifted  in  October,  was  16  Renfrewshire  pecks  cf  35 
lbs.  each  per  ^otch  feU  of  potatoes  At  for  market*' 

This  produce  is  equal,  I  belieTe,  to  about  96  tons  per  Scotch,  or  91  tons  per 
imperial  acre,  about  equal  to  that  of  Mr.  Fleming  with  the  aama  mixture.  And 
what  an  amazing  luxuriance  of  Tegetation,  to  yield  at  once  stems  stren  ftet  in 
length  and  upwards  of  90  tons  of  tubers  per  acre  I 

Those  who  are  the  most  sceptical  in  regard  to  the  benefits  to  be  derived  from 
agricultural  experiments,  when  well  conducted,  will  scarcely  question  the  impor- 
tance of  this  result — the  most  backward  in  making  experiments  will  be  anxious 
to  repeat  this  upon  his  oimpotatoes.  The  cost  ot  the  mixture  to  be  applied  in 
the  quantity  used  by  Mr.  Fleming  is  as  follows : — 

8u,ph..e«f8od.   {,SI£:t!?'c^^5r"!    «    » 
Nitrate  of  Soda  .  .    75  lbs.  at  29s. 14     9 

21     6 

The  return  for  this  21s.  6d.  was  in  each  of  the  above  cases  upwards  of  8  ions 
of  potatoes.  " 

1  mav  here  mention  also  two  other  interesting  experiments  of  Mr.  Gardiner, 
in  whicn  he  tried  the  effect  of  sal-ammoniac  upon  his  potatoe  crop, — 

1^«  In  the  one  he  mixed  sal-ammoniac,  previously  dissolved  in  water,  m  the 
proportion  of  1  lb.  to  each  cubic  yard  of  a  compost  formed  from  the  refuse  of  the 
ftarden,  and  planted  early  potatoes  with  it  at  the  rate  of  35  cubic  yards  per  acre. 
The  produce  was  one-sixtn  more  than  when  no  ammonia  was  used.  The  va- 
riety of  potatoe  was  Taylor's  forty-fold,  the  soil  moss  and  clay.  The  coat  oi 
tliis  application  was  19s.  per  acre. 

2^.  Sal-ammoniac,  dissolved  in  water,  was  sprinkled  on  moss  or  peat  eaith^ 
at  the  rate  of  90  lbs.  to  a  ton  of  earth,  and,  after  strewing  a  little  lime  at  the  bot- 
tom of  the  drills,  this  mixture  was  put  in  at  the  rate  of  9  tons  per  acre.  Thejso- 
tatoes  were  14  days  later  in  coming  through  the  ground  than  the  same  vanety 
planted  with  farm-]rard  manure.  They  were  strong  in  the  stem,  of  a  dark  green 
colour,  and  equal,  in  point  of  produce,  to  the  others.  The  variety  of  potatoe 
was  the  Irish  apple,  the  soil  a  very  light  brown  loam,  of  that  description  locally 
named  deaf 

I  may  observe  on  this  latter  eneriment,  that  the  application  is  not  so  simple 
as  it  appears.  The  lime  would  oecoiupose  the  sal-ammoniac,  and  form  chlonde 
of  calcium,  while  ammonia  would  be  liberated.  The  effect,  therefore,  inay  be 
partially  due  to  both.  It  will  be  recollected  that  in  a  previous  part  of  this  Ap- 
pendix I  suggested  the  trial  of  this  chloride  of  calcium  as  a  top-dresaing  for  va- 
lioua  cropa. 

« 
6. — ExpenmaUs  on  Moss  Oats,  sown  abotU  1st  May,  1841,  top-dressed  9blh  Jwm, 

"These  top-dressings  were  applied  on  the  5th  of  June,  and  by  the  94th  there 
was  a  striking  improvement,  especially  on  No.  9  and  No.  7.  It  was  ouite  visi- 
ble in  greater  strength  and  evenness  of  crop.  One  or  two  of  the  otjiera  also 
showed  improvement,  but  not  so  visibly  as  to  merit  particular  notice.  I  exam- 
ined them  from  time  to  time,  and  at  different  dates:  the  appearances  moch  the 
4UM  «•  notioe^^pon  June  Wl    I  efua  ewmned  tMi  a  fow  dajrt  biibfee 


^ 


CtPtftfUBNTS  ON  OAft. 


[App^m^ia^ 


Ihey  were  cut,  when  I  was  much  satisfied  with' No.  8 ;  the  straw  appeared  to  ra« 
as  stiff  and  shining,  and  the  ear  as  well  filled,  as  if  it  had  been  grown  upon  stiff 
loam,  and  I  consider  tke  same  dressing^  applied  to  grain  craps  upon  moss^  will  m* 
sure  a  good  crop  of  toeOrfiUed  oais.  No.  7  was  nearly. as  good,  fajit  the  want  of  thA 
bones  being  dissolved  was  a  drawback.  However,  I  consider  the  two  mecil 
the  expense  of  another  trial." 


No. 


Top-dressing  per  pole  (Imperial). 


Nothing. 

Bones  dissolved  in  salphnric  acid  andnitrato  of  soda  |  lb 

Sulphate  of  soda  |  lb.,  bone  dust  \  peck. 

Potash  1  lb.,  lime  and  bone  dust  |  peck. 

Chloride  df  oalciura  1  lb.,  bones  |  peek. 

Lime,  potash,  amd  chloride  of  calcium,  |  lb.  each.  * 

Potash  and  lime,  nitrate,  and  bones,  \  lb.  each. 


Charader  of  the  SoiL — Moss  4  feet  to  clay.    No.  2  the  best  crop  and  heavieal 

E&in  (not  thrashed).    Nos.  3,  4,  and  6  not  so  good  as  No.  3,  but  all  much 
tter  than  Nos.  1  or  G.    No.  6  the  wprst— not  boter  than  No.  1.    No.  7  ^ 
good — nezi  to  No.  2. 

Rrmarks.— ^These  experiments  of  Mr.  Fleming  on  mow  oats  may  be  coo- 
aidered  as  affording  another  illustration  of  the  benefits  which  are  yet  to  accrue 
to  practical  agricu  Uure  (torn  the  suggestions  of  natural  ^lenoe.  It  is  well  known 
to  those  who  have  directed  their  attention  to  the  reclaiming  of  peat  lands,  that 
the  crops  of  oats  raised  on  such  land  yield  abundance  of  straw,  but  that  the  ear 
is  small  and  badly  filled.  It  is  also  well  known  that  claying  yueh  lands  is  an  al- 
most unfailing  remedy  for  this  defect  in  the  car,  as  well  as  for  the  less  important 
one  which  is  also  observed  in  the  straw.  My  friend,  Mr.  Alexander,  or  Sooth 
Bar,  a  neighbour  of  Mr.  Fleming,  and,  like  him,  extensively  engaged  in  the  im- 
provement of  peat  lands,  finding,  as  most  other  persons  have,  that  in  some  lo- 
calities the  claying  of  bis  land  was  very  expensive,*  conceived  the  idea  that 
some  chemical  application  might  be  made  to  this  soil,  which  would  supply 
what  the  defective  oat  plants  required,  and  thus  supersede  the  necessity  of 
claying  He  was  pleased  to  communicate  this  opinion  to  me — statins  the  de- 
fect in  the  crop,  and  asking  a  chemical  remedy.  Looking  chiefiy  to  what  was 
evidently  required  by  the  ear,  I  suggested  a  trial  of  various  mixtures,  in  all  of 
which,--from  an  idea  that  nhosphates,  among  other  substances,  might  be  ne- 
cessary to  compute  the  ear,— oone-dust  formed  a  necessary  part  The  result  of 
these  suggestions  is  seen  in  the  above  experiments  of  Mr.  Fleminjg.  They  have 
been  varied  and  improved  upon,  as  Mr.  Fleming's  united  chemical  knowledge 
and  practical  skill  enabled  him  to  do,  and  as  ^rst  results  on  a  new  field  of  re- 
search, Nos.  3  and  7  may  be  considered  as  highly  encouraging,  if  not,  indeed, 
eminently  successful  Too  mudi  confidence,^owever,  must  not  be  placed  on 
die  effects  observed  in  one  or  two  instances ;  yet  I  hope  those  above  stated  are 
such  as  will  induce  others  to  repeat  the  experiments  with  equal  care,  in  order 
that  another  year,  affording  us  more^  numerous  results,  may  enable  us  to  base 
our  conclusions  upon  a  larger  experience. 

6. — Experiments  upon  Oats  top-dressed  with  Sulnkate  and  NUraU  of  Soda  (Immt 
end  of  Bam  Park.) 
"The  first  was  sown  on  the  Uth  May,  viz.,  3  ridges  with  sulphate  of  soda, 
at  the  rate  of  1  j^  ewt.  per  acre.    This  was  examined  fh>m  time  to  time,  but  there 

*  Mr.  Ganlen,  of  OImnmh  HoQse,neiirDQinlHet,  a  fentleman  to  «iM»m,llMH«gli  pervHMlIf 
unknown,  1  mm  Indebted  for  maoy  v«l«able  eomnanfcatlom,  Infonne  me  that,  in  impnnrlaf 
bU  pomut  peat  lands,  he  bu  found  U  neoesesrjr  to  Itj  on  a  coaling  of  clsf  sU  iochoe  thieki 

Man  expense  of  jBIS  an  acre.    A  eoi  '       '"        — --    • • "^  •■ 

dMro,  and  in  a  few  ]F«afe  itoeoeedi  I 
'— *'ilay  oeateaeesfti    " 


A  eoatlnf  of  two  or  three  liiebea  oa  fAeir  pest,  he  says,  ainkt 
•iMlibefSDd  Che  reach  «fllM  ptoc^  ud  haoet  It  Is  sura 


Aa.  ///.]  '     IPFECTi  OP  SULPHATI   AND  KITRATB   OP   SODA.  S3 

appeared  to  be  little,  if  any,  differenoe  from  the  geneml  crop  (it  has  not  yet  been 
thrashed.)  Next,  3  ridjses  were  sown  with-nitraie  of  soda,  at  the  rate  of  80  Ibs« 
per  acre.  This  made  a  little  alteration  both  in  colour  and  strength,  but  it  was 
too  little  to  make  a  very  decided  difference.  Also,  alongside  of  the  last-men- 
tioned, a  piece  was  dressed  with  a  mixture  of  suiphate  and  nitrate  of  soda,  in  the 
{>roportion  of  {rds  of  the  former  to  ird  of  the  latter.  This  immediately  took  the 
eaa  of  the  others  both  in  colour  and  strength,  so  much  so,  that  by  May  27th  it 
could  be  seen  from  a  distance*.  Msny  examinations  were  made  of  them  all 
during  the  season,  and  this  always  appeared  the  best.  A  few  days  before  it  was 
cot,  it  showed  the  largest  and  best  filled  ear.  There  was  a  piece  of  yellow-col- 
oured earth  at  the  bottom  of  the  field,  showing  the  presence  of  iron,  upon  which 
was  sown  potash  and  lime.  The  plant  was  yellow  and  sickly-looking,  but  im- 
mediately afler  the  application  it  acquired  a  dark  green  colour,  and  b^ame  ti- 
gorous,  and  yielded  a  crop  at  least  equal  to  any  in  the  field.  There  were  some 
other  dressings  put  on  other  ridges  of  this  field,  but  it  was  dry  weather  directly 
after  they  were  sown,  and  the  crop  was  toofiff  forwatd  before  they  began  to  tales 
efiTect  to  say  any  thing  decided  about  them.  By  mistake  there  were  two  varie- 
ties of  oats  sown  upon  the  field,  which  preventra  the  axperiments  being  to  de- 
cided, as  the  dressings  were  put  on  indiscriminately  upon  the  land  before  it  was 
known." 

Remarks. — The  only  remark  I  need  make  apon  these  experiments  is,t08iig«* 
^t  to  my  readera  that,  by  repeating  the  above  trials  upon  oats  with  Mr.  Flem- 
ing's mixtures,  they  may  not  only  benefit  their  own  crops,  but  may  ako  aid 
materially  in  the  advancement  of  practical  agricultural  knowledge. 

1,-^Oti  lAs  effect  of  Sulphate  of  Soda  applied  at  a  Utp-dressing  to  Beans  amd  Peas. 

"  The  first  dressing  was  applied  the  4th  of  May,  on  some  beans  on  a  border 
in  the  garden ;  the  dnlls  that  were  dressed  quickly  took  the  lead  of  the  others. 
There  was  no  alteration  of  colour,  but  greater  strength,  and  it  tillered  wmder- 
fully.  There  were  ^ve  or  six  stems  from  eyerv  seed  sown,  and  the  pods  were 
larger  and  more  numerous,  and  the  beans  in  the  pods  a  great  deal  larger  than 
the  same  variety  undressed.  It  was  also  put  upon  some  of  the  ridges  of  the 
beans  in  the  fiela,  and  with  the  same  effect,  and  gave  a  very  large  crop  (not  yet 
thrashed.) 

"  Upon  peas  in  the  garden  it  appeared  to  add  litde,  if  any  thing,  to  the  strength 
of  straw,  but  thbse  that  were  dressed  had  a  far  greater  nnmber  of  pods,  and  those  . 
better  filled,  and  the  peas  of  a  better  flavour,  and  it  seems  a  valuable  dressing  fift 
all  le/ntminous  crops.  When  sown  in  the  drills  along  with  the  peas,  it  neariy 
killed  every  one  of  them,  while  the  same  quantity,  put  on  as  a  top-dressing  to 
acme  drills  next  to  them  (where  the  peas  were  two  inches  high,)  diid  no  injury. 

Rrmarks. — The  testimony  of  Mr.  Plcmin|  to  the  value  of  sulphate  of  soda 
as  a  dressing  for  leguminous  crops,  is  very  valuable  and  satisfiictory.  '  We  may 
hope  that  next  year  will  furnish  us  with  experiments,  all  the  results  of  whicn 
riiall  have  been  so  carefully  ascertained,  as  to  enable  us  to  decide  upon  the  eco- 
nomical value  of  this  sulphate  as  a  manure,  by  a  comparison  of  the  amount  <^ 
increase  in  the  crop,  with  the  cost  of  the  application. 

B. — On  Nitride  of  Soda  as  a  Ujp-dressing  to  Choseberry  and  Currant  bu^a. 

"  It  was  applied  April  14th,  at  about  the  rate  of  |  cwt  per  acre,  or  \  lb.  per 
bosh.  It  had  the  effect,  in  the  course  of  a  week,  of  producing  on  the  bushes  a 
dark  green  colour  and  broader  leaves,  and  the  fruit  set  better  and  more  plentiful- 
ly, especially  on  some  red  currants  that  had  borne  little  for  two  yeara.  These 
set  their  fruit  well,  and  yielded  double  their  former  produce.  The  dressed  bushes 
kept  the  lead  in  strength  and  vis^our  all  the  season,  and  now,  when  the  undressed 
bushes  have  lost  their  leaves,  the  othere  are  quite  green." 

9* — **  Many^ipsrioisntfl  were  tried  in  the  carden  on  turnips,  by  top^ireadne 
with  nitrate  of  soda,  but  with  no  perosptibie  ^ecL    However,  the  Swedish,  and 


red-top  yeUow,  in  a  field  of  rather  stiflT  soil,  were  benefitted,  the  former  yiebfiDg 
i  moi«  produce  in  weight,  and  the  latter  |  more  weight  Wm.  FLOiiKa 

''  Baroektm,  26a  Cktober,  1841." 

Note.— The  prices  paid  bj  Mr.  Fleminf  were'u  Tollow :— Bone  dust  (fine)  la.  9d.  pertanbd; 
■ulphate  of  ammonia  (in  ci78ta)8)2SB.  per  cwL  ;  potash  (very  Impure)  a4a.  per  cwL ;  aulphtfa 
'«'«tfMla  (in  er7Stals)^Si.  per  ewt ;  niirate  of  eoda  82b.  ;  and  sal-ammoniac  GQn  per  cwu 
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ANI>   OTHER   XAHVRBB. 

Ouano  is  the  name  eiTcn  in  Sooth  America  to  the  dang:  of  the  9cti  fowl  which 
hover  in  countless  flocks  along  the  shores  of  the  Pacific,  and  which,  (rooi  time 
immemorial,  have  deposited  their  droppings  on  the  rocks  and  the  islands  which 
are  met  with  along  the  coast  o.  Pern. 

Besides  the  fresn  white  guano  which  is  deposited  year  by  vear  in  these locali* 
ties,  there  exist,  in  some  spots,  lam  accumulations  more  or  less  buried  beneath 
a  covering  of  drifted  sand,  which  nave  been  thus  boned  and  partially  preservud 
from  an  unknown  antiquity.  This  ancient  guano  is  of  a  brown  colour,  more  or 
leas  daik,  and  forms  layers  or  heops  of  limited  extent,  but  which  are  said  some- 
times to  exceed  even  60  feet  in  thickness. 

In  the  time  of  the  Incas  this  substance  was  known  and  highly  valued  as  a  ma- 
Dure,--4he  country  along  tlie  coast  ibr  a  len^  of  200  leagues  was  entirely  ma- 
nured by  it, — the  islands  on  which  it  was  formed  were  carefully  watched  and 
peseryed, — and  it  was  declared  to  be  a  capital  offence  to  kill  any  of  the  sea  fowl 
DV  which  it  was  deposited.  Ever  since  that  time  it  has  been  more  or  leas  em* 
ployed  for  the  same  purpose,  and  much  of  the  culture  now  practised  on  this 
thinly- peopled  coast  is  entirely  dependent  for  its  success,  if  not  for  its  exisCenee, 
on  the  stores  of  manure  which  the  sea  fowl  thus  place  within  reach  of  thoce  parts 
of  the  country  whicli  are  susceptible  of  cultivation. 

In  modern  times,  however,  the  access  of  foreign  shipping,  and  the  want  of 
careful  protection,  have  driven  away  many  of  the  sea  fowl,  and  lessened  toavery 
great  dcigree  the  production  of  the  recent  guano.  Thus  the  country  is  morede* 
pendent  than  in  former  times  on  the  more  ancient  deposits,  which  are  now  mass* 
duously  sought  for,  and  when  discovered  beneath  the  sand,  are  carefully  exca- 
vated and  transported  to  the  sea-ports  for  sale. 

The  dun^  of  Virds  of  all  kinds,  when  exposed  to  the  air,  gradually  undergoes 
decomposition,  gives  off  ammonia,  and  acquires  a  brown  colour.  As  this  am> 
monia  is  one  of  the  most  fertilizing  substances  it  contains,  it  will  be  rez^dily  un- 
derstood! that  the  old  brown  guano  is  much  less  valuable  as  a  manure  than  that 
which  is  recent  and  white ;  hence  the  care  of  the.  ancient  Peruvians  in  collect- 
ing the  fresh,  and  their  comparative  neglect  of  the  ancient  ^uano. 

When  the  brown  guano  is  put  into  water,  a  lar^  quanuty  of  it — sometimes 
70  per  cent,  of  the  whole — in  dissolved.  Hence,  it  is,  because  the  climate  ^ 
Peru  is  so  dry  and  arid  that  in  the  plains  rain  scarcely  ever  falls,  that  the  guano 
can  accumulute  as  it  is  found  to  do.  North  and  souih  of  this  line  of  coast, 
where  rains  are  less  unfrequent,  such  accumulations  are  not  met  with,  though 
the  birds  appe^ir  equally  plentiful,  and  it  may  be  safely  stated  that,  had  the  di- 
mate  of  Peru  been  like  that  of  England,  the  rains  would  hayewaslied  the  guano 
from  the  rocks  almost  as  rapidly  as  it  was  deposited. 

Of  the  brown  guano  aavend  oargoed  have  lalely  been  broioght  to  Enghmd  by 
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tan  enterprising  merchaot  in  Liverpool,  and  it  has  been  desenredly  leeommand- 
^  to  the  ftttemion  of  British  agrioolinrists.  It  lias  alreadjr  been  tried  upon  Ta- 
liotts  crops,  both  of  h«y  and  com,  upon  turnips  also,  and  upon  hops,  and  thera 
can  be  no  doubt  whaierer  that  in  our  climaie,  as  well  as  in  that  of  Peru,  it  is 
fitted  to  promote  vegetation  to  a  very  remarkable  degree. 

This  blown  euano  varies  much  in  quality,  aocorain^  probably  to  the  degree 
of  exposure  to  tne  air  to  which  it  has  been  subjected,  or  to  its  position  in  the  de» 
posit  firoRi  which  it  has  been  dug.    Two  different  portions,  taken  at  random 
worn  the  same  box,  gave  me  the  following  very  different  results : — 
1®. — Water,  salts  of  ammonii^,  and  organic  matter,  expelled 

by  a  red  heat, 33'5peret 

Sulphate  of  soda, 1-8     " 

Common  salt,  with  a  liule  phosphate  of  soda,  .  30'3     " 

Phosphate  of  lime,  with  a  Uttle  phosphate  of  magnesia 

and  carbonate  of  UmO|  44'4     ** 

100* 
3^4 — ^Ammonia,  •       .        .  .        s  70  '^ 

Urioacid, =08    1 59.3 -^^j, 

Water,  carbonic  and  oxaUe  aoids,  Ac,  expelled  /  ^9 ,9  jicr  « 

by  a  red  heat, s  31*5    J 

Common  salt,  with  a  tittle  sulphate  d&  phosphate  of  soda,  1 1  *4    ** 
Phosphate  of  lime,  ice 293    *' 

100" 
According  to  M.  Winterfeldt,  this  brown  guano  is  sold  at  the  ports  near 
which  it  is  obtained  at  about  3s.  a  cwt.  It  might,  therefore,  if  this  be  correct, 
pe  imported  into  the  country,  and  sold  fit  less  than  IDs.  per  cwt.  The  price  at 
wesent  asked,  however,  is  25s.  per  cwt.,  a  cost  at  whicn  it  is  doubtful  if  the 
English  agriculturist  can  afford  to  use  it 

In  any  case  it  seems  improbable  that  the  ^uano  can  continue  to  be  imported 
Into  this  country  for  any  lengUi  of  time.  It  is  absolutely  necessary  to  the  cul- 
tivation of  the  land  in  Peru,— and  it  is  also  diminishing  in  quantity, — ^the first 
settled  government,  therefore,  which  is  formed  in  that  country,  must  prohibit 
the  fdrtrier  exportation  of  a  substance  so  important  to  the  national  interests.^  It 
is  a  matter  not  unworthy  of  the  attention  of  chemists,  therefore,  to  consider 
whether  a  mixture  similar  to  the  guano,  and  of  equal  efficacy,  cannot  be*lorm- 
ed  by  art — not  only  at  a  cost  so  reasonable  as  at  once  to  make  the  British 
ihrmer  independent  of  the  Importer, — ^but  also  in  such  abundance  as  at  the  same 
time  to  place  so  valuable  a  manure  within  the  reach  of  all. 

The  tollowing  mixture  contains  the  several  ingredients  found  in  guano  in 
nearly  the  average  proportions ;  and  I  believe  it  is  likely  to  be  at  least  as  effica- 
cious as  the  natural  guano,  for  all  the  crops  to  which  the  latter  has  hitherto  bee» 
applied  in  this  country : — 

£.    5.    d, 
315  lbs.  [7  bushels]  ofbono  dust  at  Sikdd.  per  b«ah6l  0    19   0 
100  lbs.  of  sulphate  of  ammonia,t  containing  35  lbs.  of  ammo- 
nia at  9Qb.  a  ewt  ^  0    18    0 

6  Um.  of  pearl-ash      ........       0      1    ,0 

lOOlbs.  of  common  salt' 0      d    0 

11  lbs.  of  dry  sulphate  of  soda 0      10 

S3l  VbB.  of  artifiddl  guajto  eo&i S      1    0 

*  The  ftrat  contained  also  8  per  cent  an#  the  second  1|  per  cent  of  sand,  which  has  been 
left  out  of  (he  true  compoaiUoa  of  the  guano  eoosidered  as  ft^e  from  aand. 

t  Sulphate  of  aamook  is  now  manufcetnrsd  laifsly  at  Glasgow,  and  maj  he  had  for  leas 
than  aOi.  a  owl. 
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The  qmuidtv  here  indicated  may  be  intimalBly  aized  widi  lOOlbi.  of  dMlk, 
and  will  be  fuUy  equal  in  efficaqr,  I  beiieYe,  to  4  ewL  of  gnano,  now  aeUinc 
at  X5. 

At  the  same  time  it  is  desirable  that  the  relative  effieaey  both  of  this  miztam 
(artificial  gaano),  and  of  the  American  guano,  shovU  be  tried  by  actual  espeii- 
ment  in  comparison  with  other  substances  of  known  value,  and  which  sn 
supposed  to  act  in  a  way  somewhat  aimilar.  The  subatancas  with  which  I 
would  suggest  that  such  comparative  cj^»erinients  should,  in  thie  first  pboStb* 
made,  are  fiurm-yard  manure,  bone  dust,  and  rape  dust,  and  the  following 
scheme  exhibits  tne  proportions  in » which  the^  mav  be  added  to  the  diffcnnt 
plou  of  land  on  which  the  experiments  are  mtended  to  be  made  : — 


20  toM  of 
fsm-jasdmaoar«. 

aObiwhelsof 

bOHM 

vrtlhsahfls. 

0  cwt  orgMDo, 

mixed  with 
dMlkorfypsBSk 

•  cw«.of 

10  tool  do. 

wIthlObasbelBor 

boo«  dnaL 

20ewtor 
npe  with  ashcsL 

lOtonsofftm- 

ysid  Buoort  with 

acwkorswra. 

lOtomoffcrai-janl 
Bumii«wtih3cwt 
ofaitifieiilgauo. 

10  tons  do. 

with  lOewLof 

mpediHt 

10ewt.or 

npswichSevit 

ofgaaoo. 

le  Ions  da  with 
9  cwt  of  goaoo. 

I0toasdo.with2 
em.  of  uciteu 

The  practical  fanner  need  not  be  deterred  by  the  formidable  anray  of  experi- 
ments above  sug^sted.  He  may  try  any  two  or  three  of  them,  end  his  resolts 
will  be  valuable  in  proportion  to  the  accuracy  with  which  his  land  is  meaanied 
and  his  manures  and  crops  weighed.  I  have  taken  90  tons  of  fiurm-yard  manure 
as  a  standard,  though  in  many  highly  formed  parts  of  the  country  no  more  than 
1 5  tons  are  usually  applied.  Twenty  bushels  of  bones  are  recommended  by  the 
Doncaster  reoort,  and  I  have  lately  found  that  in  the  Lothians  1  cwL  of  rape 
dust  is  consiaered  td  replace  1  ton  of  farm-yard  manure.  This  proportion  of 
course  will  vary  with  tne  quality  of  the  latter  manure ;  but  whatever  quantity 
of  this  latter  we  take  as  the  standard  of  comparison,  it  is  easy  to  adiuat  tbia 
proportions  of  the  other  substances  accordingly.  I  have  not  recommended  any 
trial  to  be  made  with  more  than  6  cwt.  en  guano,  because,  whese  farm-yaid 
manure  is  valued  only  at  6s.  or  7s.  per  ton,  5  cwt  of  the  former  would  coat  aa 
much  as  90  tons  of  the  latter.* 

The  above  exf>eriments  are  intended  to  be  made  with  the  green  crop,  and  to 
be  continued  during  an  entire  rotation  :t  any  pair  of  them,  nowever,  may  be 
tried  on  single  crops,  whether  of  corn  or  of  turnips  and  potatoes.  In  this  vray 
guano  ought  also  to  be  tried  against  nitrate  of  soda  and  against  bones,  upon 
seeds  and  upon  old  mss-lands.  The  mode  in  which  such  experiments  may 
be  made  will  speedily  suggest  themselves  to  the  intelligent  mrmer.  i»  «B 
cases  tke  resuUs  skatdd  he  aceuraidy  recorded,  aik/,  tf  possible^  fmUished. 

.^!^^^*  '^  psr«|raph  was  wclttea,  Ike  price  of  gutao  was  SBs.  a  cwt ;  U  is  now  (Majt 
1842)  r«duced  to  16s. 

t  Bj  this  I  meuthst  the  oflbet  of  these  ssvordmsmdw,  applied 
crop  at  the  oommenceBsant  of  the  rolatioo,  should  be  tiaced  on  ea«h  \ 
the  entire ' '— 


snetyhr  «B  to  th«  grsan 
iBlve  — -*      ^ 
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OF  THB  BXAMIlTATiON  AJffD  ANAXiYSIS  €»  SOILS. 

W  Seleetwn  of  sptdmens  of  mis. — In  the  same  field  diiTerent  Tarieties  of  soil 
often  occur,  and  some  recommend  that  in  collecting  a  specimen  for  analysts, 
portions  should  betaken  from  different  parts  of  the  field  and  mixed  together^ 
ay  which  an  aTerara  quality  of  soil  would  be  obtained.  But  this  is  bad  advice, 
when  the  soils  in  difiTerent  parts  of  the  field  are  really  unlike.  Suppose  one 
part  of  a  field  to  be  clay,  and  another  sandy,  as  is  often  the  case  in  this  county, 
and  that  an  avera^  mixture  of  the  n  is  submitted  to  analysis,  the  result  you 
get  will  apply  neither  to  the  one  part  of  the  field  nor  to  the  other — ^that  is,  it 
will  be  of  httle  or  no  rtAiSB.  In  seleaing  a  specimen  of  soil,  therefore,  one  or 
two  pounds  should  be  taken  from  each  of  four  or  fiv^e  parts  of  the  field  where 
the  soil  appears  neatly  alike,  these  should  be  well-mixed  together  and  dried  in 
the  open  air  or  before  the  fire.  Two  separate  pounds  should  then  be  taken 
firom  the  whole  for  the  purpose  of  analysis,  or  if  it  is  to  be  sent  to  a  distance 
should  be  tied  up  in  clean  strong  paper,  or  what  is  much  better,  should  be  en- 
closed in  clean  well-corked  bottles. 

I. — OF  THE   PHYSICAL  PROPERTIES  OP  THE  SOIL. 

2°.  DekrmiiuUion  of  the  tf^imtf  of  the  soiL — In  order  to  determine  the  dei^ 
•ity  of  the  soil,  a  portion  of  it  must  be  dried  at  the  temperature  of  boiling 
water  (2Uo),  till  it  ceases  to  lose  weight,  or  uppn  a  piece  of  white  paper  in  an 
Ofen  at  a  heat  not  ereat  enough  to  render  the  paper  brown.  A  common  phial 
or  other  small  boule  perfectly  clean  and  dry  may  then  be  taken  and  filled  up 
to  a  mark  made  with  a  file  on  the  neck,  witn  distilled  or  pure  rain  water,  and 
then  earefully  weighed.  Part  of  the  water  mav  then  be  poured  out  of  the 
bottle,  ani  1000  grains  of  the  dry  soil  ii\|troduc3a  in  its  stead,  the  boule  mast 
then  b3  well  shaken  to  allow  the  air  to  escape  from  the  pores  of  the  soil,  filled 
up  again  with  water  to  ths  mark  on  the  neck,  and  again  weighed.  The  weight 
or  the  soil,  divided  by  the  difierenoe  between  the  weieht  of  the  bottle  with  soil 
ani  water  and  th3  sum  of  the  weights  of  the  soil  and  the  bottle  of  water  to- 
gether, gives  the  specific  eravity. 

Thus,  let  the  bottle  with  water  weigh  3000  grains,  and  with  water  and  soil 
8600,  then^ 

Grain*. 

The  weight  of  the  boUle  ^th  water  alone  = 2000 

The  weight  of  the  dry  soil 1000 

Sum,  being  the  weight  which  the  bottle  with  the  soil  and  water  ^ 

wotdi  have  had  could  the  soil  have  been  introduced  without  /     3000 
displaeing  any  of  the  water ) 

But  the  weight  of  the  bottle  with  soil  and  water  waa     ....        2600 

Difference,  being  the  weight  of  water  taken  out  to  admit  1000  )       ^^q 
grains  of  dry  soil I 

Therefore  1000  grains  of  soil  have  the  same  Mk  as  400  grains  of  water,  or 
the  soil  is  2|  times  heavier  than  water,  since  1000 -r  400  =3  2-5  its  specifie 
gravity. 

3o.  Def^rminaHon  of  the  absolute  weight. — The  absolute  weight  of  a  cubic 
foot  of  solid  rock  is  dblained  in  pounds  by  multiplying  its  specific  gravity  by 
63i — ^ths  weight  in  pounds  of  a  cubic  foot  of  water.  But  soils  are  porous,  and 
contain  mori^  or  less  air  in  their  interstices  according  as  theii  pcurtictes  are  more 
or  less  fine,  or  as  they  contain  more  or  less  sand  or  ve^table  matter.  Fine 
sands  are  heaviest,  clajrs  next  in  order,  and  peaty  soils  the  lightest  The 
simplest  mode  of  determining  their  absolute  weight  therefbfe,  is  to  weigh  an 
exact  imperial  half  pint  of  the  soil  in  any  staia  of  dryness,  when  this  weight 
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multiplied  by  150,  wiU  give  Tery  nearly  the  wei^t  of  a  ciibie  foot  of  the  soil  m 
that  state.  ^ 

4^.  Dderinmtdian  of  ike  YdOti^  proporUbm  ^f  groMi,  sand,  and  datf. — ^Fife 
hundred  gintins  of  the  dry  soil  mav  be  boiled. in  a  flask  half  fiiU  of  water  till  the 
particles  are  ihorougbly  separatea  from  eaoh  other.  Being  allowed  to  staad 
for  a  couple  of  minutes,  the  water  with  the  fine  matter  floating  in  it  may  be 
poured  on  into  another  Teasel.  This  may  be  repeated  several  times  tifi  it  a^ 
pears  that  nothing  but  sand  or  m.vel  remeuns.  This  saiid  and  gravel  is  ibea 
to  be  washed  completely  out  of  the  flask,  dried,  and  weighed.  Suppose  the 
weight  to  be  300  griiins,  then  60  per  cent*  of  the  soil  is  saml  and  graveL  The 
Band  and  gravel  are  now  to  be  sifted  through  a  gauze  sieve  more  or  less  fine, 
when  the  gravel  and  coarse  sand  are  separated,  and  may  be  weighed  ani  their 
proportions  estimated. 

These  separate  portions  of  gravel  and  aand  should  now  be  moistened  with 
water  and  examined  carefully  with  the  aid  of  a  microscope,  with  the  view  oC 
ascertaining  if  thsy  are  wholly  silicious,  or  if  they  contain  also  fragments  of 
different  kinds  of  rock— *sand-8tonea,  slates,  granites,  traps,  Ume-stonea,  or  inm- 
stones.  A  few  drops  of  strong  muriatic  acid  (spirit  of  salt)  should  also  be 
added — when  the  presence  of  lime-stone  is  shown  more  distinctly  hy  an  effer- 
vescence, which  can  be  readily  p^erceived  by  the  aid  of  the  glass» — of'^per-oxide 
of  iron  by  the  brown  colour  which  the  acid  speedily  aasaraes, — and  of  black 
oxide  of  manganese  by  a  distinct  sme4l  of  chlorine  which  is  easily  recognised. 
In  the  subsequent  description  of  the  soil,  these  peitiis  should  be  carefiilly  noted. 

Suppose  the  sanl  ani  gravel  to  contain  half  its  weight  of  fine  sand,  then 
our  soil  would  eonaist  of  ei)arse  sand  and  small  stones  30  per  cent,  fine  sand 
90  per  cent.,  clay  and  other  lighter  matters  40  per  eent 

5^.  AJbiorbinv  power  of  ike  soU. — A  thousand  grains  of  the  ]»erfectly  ihy  safl, 
crushed  to  powder,  should  be  spread  over  a  sheet  of  paper  and  exposed  to  the 
air  for  twelve  or  twenty-foul-  hours,  and  then  weighed.  The  increase  of  weigiA 
shows  its  power  of  absorbing  moisture  from  the  air.  If  it  amount  to  15  or  90 
grains,  it  is  so  far  an  indication  of  great  agricultaral  capabilhiea. 

6^.  /%  pouter  of  hnliiiu^  wjit^r. — ^This  same  portion  df  soil  may  now  be  ptH 
into  a  funnel  upon  a  doiMef  filter  and  cold  water  poured  upon  it,  drop  by  drop, 
till  the  whole  is  wet  and  the  water  begins  to  trielne  down  the  neek  of  the  filter. 
It  may  now  be  covered  with  a  piece  of  glass  and  allowed  to  stand  for  a  lew 
hours,  occasionally  adding  a  few  drops  of  water,  until  there  remains  no  doabc 
of  the  whole  soil  oeing  perfectly  soaked.  The  two  filters  and  the  soil  are  then 
to  be  removed  from  the  fuimel,  the  fiherft'  opened  and  spread  for  a  few  minutes 
upon  a  linen  cloth  to  remove  the  drops  or  water  which  adhere  to  tlie  paper. 
The  wet  soil  and  inner  filter  being  now  put  into  oYie  gcale,  and  the  oiiter  filter 
in  the  other,  and  the  whole  cattsfully  balanced,  the  true  weight  of  (he  wet  soil 
is  obtained.  Suppose  the  orignal  thousand  ^ins  now  to  weigh  1400,  then 
the  soil  is  capable  df  holding  S)  pet  cent,  of  iii^aier.| 

7°.  Rapidity  with  which  the  soil  dries. — The  wet  soil  with  iu  filter  may  aow 
be  spread  out  upon  a  plate  and  exposed  to  the  tdr,  in  what  may  be  considered 
ordinary  circumstances  of  temperature  and  moisture,  fca  4, 12,  or  31  hours,  and 
the  loss  of  weight  then  ascertained.  This  \^  indicate  the  comparative  ra- 
pidity with  which  such  a  soil  would  dry,  aUd  the  conseouent  urgent  demand 
tor  oraining,  or  the  contrary.  As  gireat  a  proportion  or  the  water  is  said  Id 
evaporate  from  a  given  weight  of  sand  saturated  with  water,  in  4  hours,  iv* 
fh)m  an  equal  weight  of  pore  day  in  11^  and  of  peat  in  17  hours— When  placra 
in  the  same  circumstances. 

8**.  Power  of  at>sorbing  kettt  from  the  sun.^ln  the  preceding  experiment  apor- 
tioii  of  pure  quartz  sand  or  of  pipe  clay  may  be  employed  for  the  purpose  dT 

*  As  800 ;  800 : :  IM  to  iD  per  eeoL 
t  That  to,  oee  liter  wMilo  an^fben 
I IQOO :  400^  the  Inoresss  of  welftat  as  100 :  4a 
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obtaining  a  ampoerative  resalt  S8  to  the  mpiditjr  of  drying.  The  same  method 
-may  be  adopted  in  regard  to  the  power  of  the  eoil  to  become  warm  under  the 
influence  of  the  sttivs  rays.  Two  small  wooden  boxes,  containing  each  a 
layer  of  one  of  the  kinds  of  soil,  two  inches  in  depth,  may  be  exposed  to  tha 
same  sunshine  for  the  same  length  of  time,  and  the  heat  they  severally  acquire 
determined  by  a  thermometer,  buried  about  a  (quarter  of  an  inch  beneath  tha 
surfitce.  Soils  are  not  found  to  differ  so  much  m  the  actual  temperature  they 
ave  capable  of  attaining  under  such  circumstances — most  soils  b«comine  W* 
or  90^  warmer  than  the  surrounding  air  in  the  time  of  summer-^as  in  the  re- 
lative d'Tgree  of  ravidily  with  which  they  acquire  this  maximum  temperature — 
and  thi^,  as  stated  in  the  text,  appears  to  depend  chiefly  upon  the  darkness  of 
their  colour.  The  determination  of  this  quality,  therefore,  except  as  a  matteif 
of  curiosity,  may,  at  the  opuon  of  the  experimenter,  be-dispensea  with. 
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90.  Delerminalwn  0/  the  per-eentage  if  organvi  maUer. — The  soil  most  be 
thoroughly  dried  in  an  oven  or  otherwise,  at  a  temperature  not  higher  than  be- 
tween fi5<P  to  90(P  F.  Humic  and  ulmie  acids  will  bear  this  latter  tempera- 
tars  without  change.  An  accurately  weighed  portion  ( 1 00  to  200  gniin>)  must 
then  be  burned  in  the  open  arr,  till  all  the  blackness  disappears.  This  is  beat 
done  in  a  small  platinum  capsule  over  an  argand  spirit  or  gas  lamp.  The  loss 
indicates  the  total  weieht  or  organic  matter  present.  It  is  scarcely  ever  po»« 
Bible,  however,  to  render  soils  absolutely  drp  without  raising  them  to  a  tem- 
perature so  high  as  to  ehar  the  organic  matter  present,  and  henoe  its  weight,  as 
above  determined,  will  always  somewhat  er^e^  the  truth,  the  remaining  water 
being  driven  oflT  along  with  the  oi^ganic  matter  when  the  soil  is  healed  to  red- 
ness. This  excess,  also,  will  in  general  be  creater  in  proportion  to  the  quantity 
of  clay  in  the  soil,  since  this  is  the  incredient  of  moat  soils  from  which  tha 
water  is  expelled  with  the  greatest  difficincy. 

10°.  DeiermijioHen  of  the  humic  add. — This  add,  whether  merely  mixed  with 
the  soil,  or  combined  wfth  some  of  the  lime  and  alumina  it  contains,  is  extracled  by 
boiling  with  a  solution  of  the  common  soda  of  the  shopv.  Into  abouttwo  ouneea 
by  measure  of  a  saturated  solution  of  this  salt,  contained  in  a  flask,  900  or  300 
erains  of  soil,  previously  reduced  to  coarn  powder,  are  introduced,  an  equal 
balk  of  water  added,  and  the  whole  boiled  or  digested  on  the  sand  bath  with 
occasional  shaking  for  an  hour.  The  flask  is  then  removed  finom  the  fire,  tiled  up 
with  water,  well  shaken,  and  the  particles  of  soil  afterwards  allowed  to  sobaida. 
The  clear  liquid  is  then  |)oured  6ft.  If  it  has  a  brown  colour  it  has  taken  up 
some  humic  acid.  In  this  case,  the  process  most  be  repeated  once  or  twice 
with  fVesh  portions  of  «he  soda  solution,  till  the  whole  or  the  soluble  Ofganio 
matter  appears  by  the  pale  colour  of  the  solution  to  be  taken  up.  These  eoloored 
aolutions  are  then  to  oe  mixed  and  filtered.  The  filtering  generally  oecupiei 
considerable  time,  the  humic  and  ulmie  ackis  cio^ng  up  the  peies  of  the  filter 
in  a  remarkable  manner,  and  permitting  the  liquid  to  pass  through  sometimes 
with  extreme  slowness. 

When  filtered,  muriatic  acid  is  to  be  slowly  added  to  die  coloured  liquid— 
which  should  be  kept  in  motion  by  a  glass  rod — till  effervescence  ceases,  and. 
the  whole  has  become  dictinctly  sour.  On  being  set  aside  the  humic  acid  falls 
in  bfown  flocks.  A  filter  is  now  to  be  dried  and  carefully  weighed,*  the  liquid 
Altered  through^  it,  and  the  humic  acid  thus  collected.  It  must  be  washed  in  the 
liter  with  pure  water  ^rendered  slightly  sour  by  muriatic  acidt — till  all  the  soda  ii 

*  This  is  beat  eflTected  by  puittog  the  filter  Inio  a  covered  iMircelaiaemeiUe  of  kaown 
weifhl.  Mid  heaiiog  if  (or  un  minuips  orer  a  iMn|i  or  oUwrviw,  at  a  ttrnp^ntwrm  which 
Jmi  does  not  diacoiour  the  papw,  aUowiog  ttiea  the  cruciMe  to  eoel  nnfler  cover,  sad  whca 
sold  wefghiaf  tt.  The  Inoreaae  abovo  tlie  known  woiiltt  of  the  enieiUo  io  that  of  tha  filleik 
which,  besidefl  being  recorded  in  the  expert ment  book,  should  alao  be  anrked  in  sevesH 
places  on  the  odgo  of  the  filter  with  a  black  lead  penciL 

t  This  is  tp  prevent  In  some  measure  the  humle  add  froai  pasainf  through  the  filtaTt 
which  It  la  veiyspt  to  do,  whan  the  saline  matter  is  Bssrty  waabed  out  of  It. 
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■eparatml  from  it,*  when  it  is  to  be  dried  at  S50°  F.,  till  it  ceaaes  to  loae  Wei^L 
Toe  final  weiglit,  minus  that  of  the  fUter,  gives  the  quanU^  of  hiimic  acid  con- 
tained in  the  portion  of  soil  submitted  to  examination.  As  it  is  raieljr  possible  to 
wa^h  the  humie  acid  perfectly  upon  the  filter,  rijgorous  accuracy  requires  that  the 
filter  and  acid  should  oe  bomed  after  being  weufaed,  and  the  weight  of  ash  UH, 
minus  the  known  weight  of  ash  left  by  the  fiUer.t  deducted  £n>m  thai  of  the 
acid  as  previously  determined.  It  is  to  be  observed  here  that  by  this,  which 
is  really  the  only  available  method  we  possess  of  estimating  the  humic  acid,  a 
certain  amount  of  loss  arises  from  its  not  being  wholly  insoluble,  the  aod 
liquid  which  passes  through  the  filter  being  always  more  or  less  of  a  brown 
coiour.1 

1 1^.  Delermination  of  ike  insolubie  kumus. — ^Many  soils  after  this  treatment 
with  carbonate  of  soda  aire  still  more  or  less  of  a  brown  colour,  evidently  due 
to  the  presence  of  other  organic  matter.  To  separate  this,  Sprengel  recom- 
mends to  boil  the  soil,  which  has  been  treated  with  carbonate  of  soda,  and 
which  we  suppose  still  to  remain  in  the  flask,  with  a  solution  of  caustic  potesh, 
repeated,  if  necessary,  as  in  the  case  of  the  soda  solution.  By  this  boiling, 
the  vegetable  matiet,  which  was  insoluble  in  the  carbonate  of  soda,  is  chao^w 
in  constitution  and  dissolves  in  the  caustic  potash,  giving  a  bvown  solution, 
firom  which  it  may  be  separated  in  brown  flocks  by  the  addition  of  muziaiie 
acid,  and  then  collected  and  weighed  as  above  deseribed. 

In  some  soils,  also,  distinct  portions  of  vegetable  fibre,  such  as  portions  of 
roots.  A«.,  are  present,  and  may  be  sepaiaied,  mechani^ly  dried,  and  weighed. 

Id^.  Of  otker  organic  suitiances  vresent  in  4A«  atriL — The  sum  of  the  weights 
of  the  above  substaiices  deducted  nrom  the  whole  weight  of  organic  matter,  as 
determined  by  burning,  gives  that  of  oiJUr  organic  substances  present  in  the 
soil.  The  c^uantity  of  these  is  in  general  comparativeljr  small,  and,  unless  they 
are  soluble  in  water,  there  is  no  easy  method  of  separating  them,  and  deteimia- 
ittg  their  weight  The  following  two  methods,  however,  may  be  resorted  to : — 

1°.  Half  a  pound  or  more  of  the  moist  soil  may  be  boileci  with  two  separate 
pints  of  distilled  water,  the  liquid  filtered  and  eva|M>rated  to  a  small  bulk.  Fran 
clay  soils,  when  thus  boiled  with  water,  the  fine  particles  do  not  readily  subaidsL 
Sometimes,  after  standing  for  several  days,  the  water  is  still  muddy»  uid  pasoea 
muddy  through  the  filter,  but,  after  being  evaporated,  as  above  recommeBoed,  to 
a  small  bulk,  most  of  the  fine  clayey  matter  remains  on  the  l>aper  when  it  ia 
again  filtered.  As  soon  as  it  has  thus  passed  through  clear,  the  liquid  may  be 
evaporated  to  perfect  dryness  at  diMP  F.,  and  weighed.  Being  now  trniad 
with  water — a  portion  will  be  dissolved — this  must  be  poured  off,  and  the  inso- 
luble remainder  a^n  perfectly  dried  and  weighed.  It  this  remainder  be  now 
healed  to  redness  in  the  air,  any  organic  matter  it  contains  will  be  burned  off, 
and  its  weight  asoenaiiied  by  the  loss  on  again  weighing.  This  loss  may  be 
considered  as  humic  acid  rendered  insoluble  by  drying.f  It  does  not  require  to 
be  added  to  the  weig:ht  of  humic  acid  already  determined  (lO^X  because  in 
that  experiment  a  portion  of  soil  was  employedf  which  had  n^  ihB€%  ifoded  in 
vaUTt  and  from  which  therefore  the  carbonate  of  sod:\  would  at  once  extmci 
all  the  humic  acid.    The  present  experiment  need  only  be  made  when  it  is  de- 

*  This  is  ascertained  by  collectinf  a  Tew  drops  of  what  is  pasrinf  fhroush  upon  a  p(#i€«  of 
Clean  glass  or  platinum,  and  dryinc  ihem  over  ihe  lamp,  when,  ira  pererptlble  aialn  or  spot  Is 
Jaft,  the  aobManee  Is  not  ■oAcieof ly  waaheri. 

t  The  aah  left  br  the  paper  enployed  for  flttiRrB  ahooM  alarays  Im  known.  This  Is  aseefw 
lilaed,  once  <br  all,  by  drylnf  a  qoantHy  of  it  in  the  w%j  daaertbed  In  tbe  prevloM  aoMu 
weif hinf  It  in  ibia  dry  state,  burning  it,  ami  again  welfbinf  the  ash  that  is  laft.  In  good 
fliterins  p^P^r,  the  aah  ought  not  t(r«iceed  one  per  cent 

t  The  pcMTUon  whieh  thna  reouiae  in  the  anlmton  may  be  preeipifsled  by  addhiff  a  suaB 
Quanitty  of  a  soliitloa  of  ahMB,  and  ailarwsrdsiioortaf  In  ammsala  in  eieeaa  Tbe  ataniaa 
feUe  eotoarrd  by  the  orgnoic  matter,  sod  after  being  eoUeeted  on  a  flHer,  snaabed,  sad  drts^ 
.^  ..  ^  ..  ^.  iprojrtBssislyai  <Ib» 


the  weight  of  onanie  sMMsr  la  the  preelpliale  any  be  dtfsnitaMd  sparaHsssietar 
<ff1be4  under  UP^X 
lieeLectaT«3dll.,fl. 


Nff.   v.]  or  THE  ORGANIC  MATTER  PRfiAENT  IN  THE  SOIL.  31 

sirable  to  ascertain  how  much  humic  acid  a  soil  contains  in  a  state  in  which  it 
is  soluble  in  water.  Where  ammonia,  potash,  or  soda  is  present  in  the  soil, 
some  chemists  consider  this  quantity  to  be  yery  considerable,  and  to  exercise 
an  important  influence  upon  yegetation. 

That  which  was  taken  up  by  water  from  the  dried  residuum  is  again  to  be 
evaporated  to  dryness,  dried  at  l5(Py  weighed,  and  burned  at  a  hw  red  heat 
The  loss  is  organic  matter,  and  may  have  been  crenic  or  apocrenic,  or  some 
other  of  the  organic  acids  formed  in  soils,  the  compounds  of  which,  with  lime, 
alumina,  and  prot-oxide  of  iron,  are  soluble  in  water.  If  any  little  sparkling  or 
burning  like  match-paper  be  observed  during  this  hecOing  to  redness,  it  may  be 
considered  as  an  indication  of  the  presence  of  nitric  acid — ^in  the  form  of  ni- 
trate of  potash,  soda,  or  lime.  In  this  case  the  loss  by  burning  will  slig:htly  ex- 
ceed the  true  amount  of  organic  matter  present,  owing  to  the  decomposition  and 
escape  of  the  nitric  acid  also.  The  mode  of  estimating  the  Quantity  of  this  acid, 
when  it  is  present  in  any  sensible  proportion,  will  be  hereaner  described. 

3°.  The  caustic  potash  employed  to  dissolve  the  insoluble  humus  (1 1*^)  takes 
up  also  any  alumma  which  may  have  been  in  combination  with  the  humic 
acid  or  may  still  remain  united  to  the  mudesous*  or  other  organic  acids.  When 
the  solution  is  filtered  and  the  humic  acid  separated  by  the  addition  of  muriatic 
acid  till  the  liquid  has  a  distinctly  sour  taste,  this  alumina,  and  the  acids  with 
which  it  is  in  combination,  still  remain  in  solution.  Afler  the  brown  flocks  of 
humic  acid,  however,  are  collected  on  the  filter,  the  alumina  may  be  thrown  down 
from  the  filtered  solution  by  adding  caustic  ammonia  to  the  sour  liquid,  until 
it  has  a  distinctly  amraoniacal  smell.  The  light  precipitate  which  uiils  must 
be  collected  on  a  filter  and  washed  with  hot  water  till  the  potash  is  as  completely 
separated  as  possible.  It  is  then  to  be  dried  at  300^  F.,  weighed  and  neated 
for  some  time  in  a  close  crucible  over  the  lamp,  at  a  temperature  which  begins 
Co  discolour  it,  and  again  weighed.  Being  now  burned  in  the  air  till  it  is  (^uite 
white,  and  weighed,  the  last  loss  may  be  considered  as  mudesous  or  some  simi- 
lar acid. 

The  reason  why  this  second  method  of  drj^ing  over  the  lamp  is  here  re- 
commended, is,  that  alumina  and  nearly  all  its  compounds  part  with  their 
water  with  great  difficulty,  and  even  with  the  precautions  above  indicated,  it  is 
notunlikely  that  a  larger  per-centage  of  organic  matter  may  thus  be  indicated, 
than  in  reality  exists  in  the  soil.  The  check  which  the  accurate  experimenter  has 
opon  all  these  determinations  is  this,  that  the  sum  of  the  several  weights  of  the 
hurniji  acid,  the  insoluble  humus,  the  vegetable  fibre,  and  of  the  crenic  and  mu- 
desous acids,  if  present,  should  be  somewhat  less  than  that  of  the  whole  com- 
bustible organic  matter,  as  determined  by  burning  the  dry  soil  in  the  open  air 
(9°).  This  quantity  we  have  seen  to  be  in  most  cases  greater  than  the  truth, 
because  any  remaining  water  or  any  nitric  acid  the  soil  may  contain,  are  at  the 
lame  time  driven  ofl". 

I  may  further  remark  upon  this  subject  that  the  quantity  of  alumina  thus 
dissolved  by  the  caustic  potash  is  in  most  soils  very  small,  and  the  quantity  of 
organic  matter  hy  which  it  is  accompanied  in  many  cases  so  minute,  that  the 
dduermination  of  it  may  be  consider^  as  a  matter  of  curiosity,  rather  than  one 
of  practical  importance. 

III.— OP  THE  SOLUBLE  SALINE  MATTER  IN  THE  SOIL. 

IS**.  With  a  view  to  determine  the  nature  of  the  soluble  ndine  matter  in  the 
■oil,  a  preliminary  experiment  must  be  made.  An  unweighed  portion  must  be 
introduced  into  five  or  six  ounces  of  boiling  distilled  water  in  a  flask,  and  kept 
at  a  boiling  temperature,  with  occasional  snaking  for  a  quarter  of  an  hour.  It 
may  then  be  allowed  to  subside,  after  which  the  liquid  is  to  be  filtered  till  it 
passes  through  clear.    It  is  then  to  be  tested  in  the  following  manner.    Small 

*  Except  where  gypsum  is  present  in  the  losoliible  portion,  which  is  not  unfrequeoily  the 
esse,  when  the  ioM  wiU  be  partly  water— since  gypsam,  after  being  dried  at  250°,  loses  atiU 
•boot  20-8  per  cent  of  water  when  heated  to  redness. 
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teparate  portions  are  to  be  put  into  so  many  clean  wine  glasses,  and  the  effect 
produced  upon  these  by  different  chemical  substances  carefully  noted. 
If  with  a  few  drops  of— 

a.  Nitrate  of  Baryta^  it  gives  a  white  powdery  precipitate,  which  does  not 
disappear  on  the  addition  of  nitric  or  muriatic  acid,  the  solution,  coTdains  stdphi^ 
ric  acid.  If  the  precipitate  does  appear,  it  contains  carbonic  acid.  In  this  lat- 
ter case,  the  liquid  will  also  effervesce  on  the  addition  of  either  of  the  acids 
above  mentioned. 

b.  If  with  oxalate  of  ammonia^  it  gives,  either  immediately  or  after  a  time,  a 
white  cloud,  it  contains  lime,*  and  the  greater  the  milkiness,  the  larger  the 
quantity  of  lime  may  be  presumed  to  be. 

c.  If  with  nitrate  of  silver ^  ii  gives  a  white  curdy  precipitate,  insoluble  in  pure 
nitric  acid,  and  speedily  becoming  purple  in  the  sun,  it  may  be  presumed  to 
contain  chlorine. 

d.  If  with  caustic  ammonia,  it  gpves  a  pure  white  gelatinous  precipitate,  it 
contains  either  alumina,  or  vMgnesia,  or  both.  In  this  case,  muriatic  acid  must 
be  add«^d  till  the  precipitate  disappears,  and  the  solution  is  distinctly  acid.  If 
on  the  addition  of  ammonia  in  excess,  tiie  precipitate  reappears  undiminished 
in  quantity,  it  contains  alumina  only.  If  it  be  distinctly  t'ss  in  quantity,  we 
may  infer  the  presence  of  both  magnesia  and  alumina ;  and  if  no  precipitate  now 
appears,  that  it  contains  mufiJicsia  on' if.  If  a  large  quantity  of  magnesia  be  present, 
it  may  be  necessary  to  re-dissolve  and  acidify  the  solution  a  second  tune  be- 
fore, on  the  r«-addiuon  of  ammonia,  tlie  precipitate  would  entirely  disappear. 

If  the  precipitate,  by  ammonia,  have  more  or  less  of  a  brown  colour,  the  pre- 
sence of  iron,  and  perhaps  maniinufs^^  mt\y  be  inferred.  If,  on  the  second 
addition  of  ammonia,  the  colour  uf  the  precipitate  has  disappeared,  it  has  been 
due  to  the  manganese  only— if  it  still  conunue  brown,  it  is  owing  cliiefiy  or 
altogether  to  the  presence  of  oxide  of  iron.  If  the  colour  of  the  precipitate,  by 
ammonia,  be  very  dark,  it  consists  almost  entirely  of  oxide  of  iron,  and  may 
contain  little  or  no  alumma, — when  it  is  only  more  or  less  brown,  the  presence 
of  both  alumina  and  oxide  of  iron  may  witli  certainty  be  inferred. 

e.  If,  after  the  first  addition  of  ammonia,  the  solution  be  filtered  to  separate 
the  alumina,  thi;  oxides  of  iron  and  mangunesc,  and  the  magnesia  that  may  be 
thrown  down — if  oxalate  of  ammonia  be  then  added  till  all  the  lime  falls,  and 
the  liquid  be  a^in  filtered,  evaporated  to  diyness,  and  then  heated  to  incipient 
redness  in  the  oir,  till  the  excess  of  oxalate  ot  ammonia  is  destroyed  and  driven 
off—and  if  a  soluble  residue  then  remain,t  it  is  probable  tliat  j^oLask  or  soda,  or 
both,  are  present.  If,  on  dissolving  this  residue  in  a  little  water,  the  addition  of 
a  few  drops  of  a  solution  of  tartaric  acid  to  it  produce  a  deposite  of  small 
colourless  crystals  (of  cream  of  tartar),  or  if  a  drop  of  a  solution  of  bi-chio- 
ride  of  platinum  produce  in  a  short  time  a  yellow  powdery  precipitate,  it  con- 
tains potash.  If  no  precipitate  is  produced  by  either  of  these— re- agents  as  they 
are .  called — the  presence  of  soda  may  be  inferred.  If  the  yellow  precipitate, 
containing  potash  and  platinum,  be  separated  by  the  filter,  and  the  solution,  afler 
being  treated  with  sulphuretted  hydro^n  and  filtered  to  separate  the  excess  of 
^i-chloride  of  platinum,  be  evaporated  to  dryness — ^if,  then,  a  soluble  saline 
residue  still  remain,  the  solution  contains  soda  as  well  as  potash. 

It  is  to  be  observed  that  some  magnesia,  if  present,  may  accompany  the  pot- 
ash and  soda  through  these  several  processes.  Afler  the  separation  of  tne  potash, 
a  Uttle  caustic  ammonia  will  detect  the  presence  of  magnesia,  but  it  will  rarely 
be  found  sofiir  to  interfere  with  this  preliminary  examination  as  to  prevent  the 
experimenter  from  arriving  at  correct  results  (see  p.  35,  /). 

!  Tfie  learned  reader  will  understand  why,  for  the  aake  of  almpliclty,  T  take  no  notice  of 
MitMtiincea  not  likely  to  be  present  In  the  8oil — ra,  for  example,  baryta,  which  would  here  be 
thrown  down  alooft  with  the  lime,  or  of  oxalic  acid,  which,  equally  with  the  solpliinic  or  ear> 
bonic  (aX  would  five  a  white  precipitate  with  nitrate  of  baryta. 

f  Not  precipitated  fh>m  Its  solution  by  ammonia,  for  if  precipitated  It  b  psxtlj  at  lea* 
cbloi  ide  of  mafnesluin.     -^ 
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/.  U  tke  addition  of  bi-chloride  of  pblinam  to  Ibe  toltttioii  diioetljr  filtend 
from  the  soil  give  a  yellow  precipitate^  it  oontains  either  patash^  or  amnumia^ 
If,  when  collected  on  the  iUier^  dried,  and  heated  to  brieht  redness  in  Cbe  air, 
white  fames  are  given  off  by  this  yellow  pracipitate,  and  only  a  apongy  mass 
of  metallic  platinum  remains  behind,  the  solution  contains  ammtmia  only.  U^ 
With  the  platinum,  be  mixed  a  porti9n  of  a  soluble  subaunco  havin^^;  a  tasia 
like  that  of  common  salt,  and  giving  again  a  yellow  precipitate  with  bw^orido 
of  plaunum,  it  contabs  potatk — and  if  the  spongy  platinum  contained  in  tba 
burned  mass,  after  prolonged  heating,  amount  to  more  than  57  per  cent  of 
ks  weight,  or  if  it  be  to  the  soluble  nuutef  in  a  higher  proportion  than  that  of 
4  tn  3,  the  solution  contains  both  potash  and  ammonia. 

The  presence  of  ammonia  in  the  saline  sttbsuance,  or  in  the  concentrated  sola- 
taon,  is  more  readily  detected  by  adding  a  few  drops  of  a  solution  of  caostio 
potash,  when  the  smell  of  ammonia  becomes  perceptible^  or  if  in  too  small 
quantity  to  be  detected  by  the  smelly  it  will,  if  present,  restore  the  blue  colow 
to  reddened  litmus  paper.    This  experiment  is  best  mad«  in  a  small  tube. 

g.  If,  when  the  solution,  obtained  directly  from  the  soil,  is  evapomt^d  to  diT* 
tiess,  and  the  residue  heated  to  redness  in  the  air,  a  delLietation  or  burning  lifca 
mateh-paper  be  observed,  nitric  acid  is  present.  Or,  if  the  drv  mass,  when  put 
into  a  test  tube  with  a  little  muriatic  acid,  evolves  distinct  red  fumes  on  being 
beated,  or  enables  the  mnriatic  acid  to  dissolve  i^d-duat,  and  form  a  yellow 
solution ;  or)  if  to  a  cohmfless  ^  solution  of  ^en  vitriol  (sulphate  of  ironi 
introduced  into  the  tube  along  with  the  muriatic  acid,  it  imparts  more  or  less  ofa 
brown  colour — in  any  of  these  cases  the  presence  of  nitric  acid  may  with  cer- 
tainty be  inferred.  It  will  be  only  on  rare  occasions,  however,  that  scdts,  so 
soluble  as  the  nitrates,  will  be  found  in  sensible  quantity  in  the  small  portion 
of  a  soil  likely  to  be  employed  in  these  preliminary  escpenroents. 

h.  If  ammonia  thfvkW  down  nothing  (see  under  ^  from  the  solution,  and  if 
no  precipitate  appear  lyhcn  chloride  of  calcium  or  magnesium  is  aflerwaida 
odded,  the  solution  contains  no  ph^fphoric  o/Ad.  But  if  ammonia  cause  a  pre- 
cipitate, and  after  this  is  sepanited  by  the  filter,  nothing  (Virther  falls  on  adding 
either  of  the  above  chlorides,  the  phosphoric  acid,  if  any  is  present,  will  be  con- 
tained in  the  precipitate  which  is  upon  the  filter.  Let  this,  after  being  well 
Washed  with  distilled  water,  be  dissolved  off  with  a  little  pure  nitric. acid 
diluted  with  water,  and  then  neutralized  as  exactly  as  possible  with  ammonia. 
If  a  solution  of  acetate  (sugar)  of  lead  now  throw  down  a  white  precipitate,  phos- 

g boric  acid  is  present.     The  phosphate  of  lead — the  white  precipitate  which 
dls-^mehs  rradily  before  the  blow-pipe,  and,  on  cooling,  crystallizes  into  a  bead 
whh  beautiful  crystalline  facets. 

Or— if  the  precipitate  thrown  down  byammonm  be  wholly  or  in  part  insolu- 
ble in  pure  acetic  acid  (vinegarV  that  which  is  undissolved  contains  phosphorio 
acid.  If  acetic  acid  dissolve  the  whole,  it  may  be  inferred  that  no  phosphoric 
acid  is  present  in  the  soil. 

But  if  no  precipitate  be  thrown  down  by  ammonia,  instead  of  the  chloride  of 
calcium  above  recommended,  a  few  drops  of  a  dilate  solution  of  alum  mav  b« 
mixed  with  the  solution,  after  addine  the  ammonia,  and  the  whole  well  shalcen. 
If  the  white  precipitate,  which  now  Idls,  dissolve  wholly  in  acetic  acid,  no  phoo- 
phoric  acid  is  present,  and  met  versa. 

These  preliminary  trials  beinz  made,  notes  should  be  kept  of  all  the  appear- 
ances presented,  as  the  method  to  be  adopted  lor  separating  and  determming 
the  weight  of  each  substance  will  depend  upon  the  number  and  nature  of  thoac 
which  are  actually  found  to  be  present. 

14^.  DftemiiuUinn  of  the  gtiajUiiies  of  ihg  several  eonsUiuents  of  (he  soluHe 
saHne  mailer. — The  quantity  of  soluble  saline  matter  extracted  from  a  mode- 
rate quantity  of  any  of  our  soils  is  rarely  so  great  as  to  admit  of  a  rigorou* 
analysis,  and  the  preceding  determination  of  the  kind  of  substances  it  contains 
liill  be  in  moat  cues  aufficieoL    C«m8  aiay  oocur,  howorcr,  in  wluch  i 
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wlnttf  nmuer  may  be^oktaimd  ;•  it  .will  be  proper,  therefore,  briefly  to  atste 
the  methods  by  which  the  reepeotive  qiMuHities-  of  each  constituent  may  be  a^ 
OKtttely  determanecL 

A.  EslimaUen  tf  the  SuJfkuric  Aad.^'Thb  solutiorT  beinjg  gently  warmed,  a 
few  dropa  of  nitrie  awd  are  to  be  added  «Btil  the  solution  is  sUi^htly  acid,  and 
any  carbonic  acid  that  may  be  present  i» expelled,  after  which  miraie  of  baiyta 
ia  to  be  added  to  the  solution  aa  long  aa  any  thing  faUs.  The  white  precipi- 
tate (sulphate  of  baryta)  is  then  to  M  coUecied  on  a  weighed  filter,  well  washed 
with  distilled  water,  dried  over  boiling  water  as  long  as  it  losea  weight,  and 
then  weighed  The  weight  of  the  filler  being  dedueted,t  every  100  grains  of 
the  dry  powder  are  equal  to  34*37  grains  of  suFphtfric  add. 

b.  Estimation  of  Ike  Chlorine. — The  solution  of  nitrate  of  siWer  must  be  add- 
ed a»  lone  as  any  precipitate  fiill»,  the  precipitate  then  washed,  dried  at  212°  F., 
and  weighed  a»  before.  Eteiy  100  gra  of  chloride  of  silTcr  iadicate  24-67  grs^ 
of  chlorine,  or  40'88  grsw  of  common  salt. 

c.  Estimation  of  the  Lime^-^A  Kttledihiled  muriatic  acid  being  added  to  throw 
down  the  excess  of  silver,  and  a  filtle  sulphtiric  odd  to  sepmfate  the  excess  of 
baryta^  added  in  the  former  operations,  and  the  precipitates  separated  by  fiU 
tratjoc^-^attstic  ammonia  i»to  bepovred  in,  till  the  solution  isdistinctly  alcaline* 

*  Thtolc  the  cam  with  the  rich  soils  of  India  sad  Unpt^mdof  ocbsr  mm  cUnsfea 
Thii  wM  appear  (rom  the  ibUowinf  analja«a  of  some  lodiao  aoils,  made  on  the  apoc  bjr  Mr. 
Plemins,  0f  BamcKao,  diMln«  the  hours  of  leisure  left  him  bj  hit  more  Impoitant  duties  :— 

AfUiit^sts  afsffik  in  Sorlh  and  South  MeAigrf  Bengal  P residcmctf ^^iOO  grains  &f 
"  each  itnng  analysed.) 
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JO  Hear  Qy  m^  If oiiih  B?  Uv.  —Of*  cjark  cokmr,  Hupf 
lo  rhe  wtKtt  #h^n  merifiy  fwnrf  and  mclei  whtn  dij  ; 
yields  ■  eitip  of  rten  amJ  mic  r^f  wrbeat  every  jr«af-  If e- 
ver  Iks  fjiliow,  btiL  ts  ciiTereil  urrtli  wmer  ffnring  purt  ai 
the  r«i»y  •eBson,  and  ii  prod  Lictive— from  30  la  60 

ip.  Bnil  friini  ihic  same  tnalricl—j^licii  aoapf  when 
moJai  and  craclia  when  drjr— nUier  more  prMJne^vei 
tbafi  Wn,  I. 

3^.  FroBiIhe  iaiRe  ditfrict— H^afy  reii  flit  loil, 
prorltrcrnp  wtirar,  pj^se,  conin*^  or  ^mpinf  ifrihc  dry 
««^Mon,  and  indilui  com  nnd  irrtUpf  trr  th^  wri  a^ttsoo': 
noi  tnundaied  In  the  wn\nm,  Rbd  novketifK*  naonred 
with  ii«ti(^«  nf  wood  and  row  duni. 

4'^,  fMT from  Ttonti  Bcliar,  Tirrtoor— A  deep loaio, 
ylcldinit  tvtfl  rmin  y^irly ;  not  inundated^  prodaeiiii 
wrhrai,  bijle^^  Indtitn  roin,  tridifr<«  popp/t  ''^t'-  From 
-i5  Ell  3j  biiahelji  of  whc.it  per  mere  ^  la  Dol  i»u«ll|' 
manurfi). 

GP.  tlrtiool!.— WnJl  Rfh(  c olntarfd  ;  protlne^lnp  nearly 
ihn  mun^  crrtpii,  htii  nm  to  pmiurAiv^^  b»  No  4.  Ballti'p 
efflnrei*c«?nc*  m  iwiitlie*. 

6'^,  Ttr  I  lot  1 1— Nut  «o  imnlweiife  m  No.  i  aod 
palcheB  nr-ATiy  utt-rtle  huta  Ifif  «!ifhie  rfflonr*cei»rr, 
except  \m  the  rai-nj  aca&oiu  whrn  It  prodticea  ^cmhI 
cmpa  o(  Indian  ctrm.    tInW  light  coloured. 


I  have  already  alluded  (Lecture  VHI.,  p.  169)  to  the  inllnence  which  this  texge  proportioa 
of  saline  maffer  eiercises  upon  the  liurarfance  of  the  Tegeiation. 

t  Or  the  whole  mar  be  heated  to  rednasa  In  the  air,  and  the  filter  homed  away.  In  this 
fSMthawelgliioraahMlbvthepapsr  sausi  >•  swisrtsinsrt  by  ptetioos  tri>l%  sad  the  d— 
^loperUoa  dedoctsd  Iroaa  ths  ws^htofiao  snlphslSi 
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If  no  precipitate  &11,  oxalate  of  ammonia  is  to  be  added  as  lone  as  any  wjiica 
powder  appears  to  be  pro4uced.  The  solution  must  then  be  left  to  stand  over 
"  niffht— that  the  whole  of  the  lime  may  separate, — ^the  white  powder  afterwards 
eoUected  on  a  filter,  washed^  dried,  and  burned  with  the  filter,  at  a  low  red  heat. 
The  grer  powder  obtained  is  carbonate  of  time,  tvtrj  100  grs.  of  which  con- 
tain 43*71  grs.  of  lime. 

d.  Estimation  of  the  Oxide  of  Iron  and  of  the  Alumina. — But  if  a  precipitate 
fidl  on  the  addition  of  ammonia,  as  above  prescribed — the  lolution  may  con- 
tain ma^esia,  alumina,  and  the  oxides  of  iron^  and  mang^anese.  In  this  case 
the  precipitate  is  to  be  re-dissolved  by  the  addition  of  munatic  acid  till  it  is  dis- 
tinctly acid,  and  ammonia  again  added  in  slight  excess.  If  any  precipitate  now 
fidl,'  It  will  coDsist  only  of  alumina  and  oxide  of  iron,  unless  magnesia  and 
oxide  of  manganese  be  present  in  large  proportion,  when  a  minute  quantity  of 
each  may  fiill  at  the  same  time. 

The  precipitate  is  to  be  collected  on  the  filter  as  quickly  as  possible, — the  fun- 
nel being  at  the  same  time  covered  with  a  plate  of  glass  to  prevent  as  much  am 
possible  the  access  of  the  air, — washed  with  distiiledwater,  and  then  re-dissolved 
in  muriatic  acid.  This  is  best  effected  by  spreading  out  the  filter  in  a  small 
porcelain  dish,  addins  dilute  acid  till  all  is  dissolved,  and  then  washing  the  pa- 
per well  with  distillea  water.  A  few  drops  of  nitric  acid  are  then  to  be  added, 
and  the  solution  heated,  to  peroxidize  the  iron.  A  solution  of  caustic  potash 
added  in  excess  ynW  at  first  throw  down  both  the  oxide  of  iron  and  alumina,  but 
will  afterwards  re-dissolve  the  alumina^  and  leave  only  the  oxide  of  iron.  This 
is  to  be  collected  on  a  filter,  washed,  dried,  heated  to  redness,  and  weighed. 
Ereiy  100  grains  of  this  peroxide  of  iron  are  equal  to  89*78  grains  of  protoxide, 
in  wnich  state  it  had  most  probably  existed  in  the  original  solution. 

To  the  potash  solution  muriatic  acid  is  added  till  the  alkali  is  saturated,  or  till 
the  solution  reddens  Utmtbs  v^per;^  when  the  addition  of  ammonia  precipitates 
Che  alumina.  As  it  is  difficult  to  wash  this  precipitate  peifeclly  firee  firom  potash,  it 
is  better  to  dissolve  it  again  in  muriatic  acid|  and  to  re-precipitate  it  by  caustic 
ammonia.  When  well  washed,  dried,  and  weighed,  this  precipitate  gives  the  true 
quantity  of  alumina  present  in  the  portion  otsalt  submitted  to  analjsis. 

e.  Estimation  of  ike  Manganese. — ^To  the  ammoniacal  solutions  nx)m  whicli 
the  oxalate  of  lime  has  beenprecipitated  (c),  a  solution  of  hydro-sulphuret  of 
ammonia  is  to  be  added.  Tne  manganese  will  fall  in  the  form  of  a  flesh  red 
■ulphnret.  When  .this  precipitate  has  fully  subsided,  it  must  be  collected  on  the 
filter  and  washed  with  water  containing  a  very  little  hydro-sulphuiet  of  ammo- 
nia. The  filter  is  then  put  into  a  glass  or  porcelain  basin,  the  precipitate  dis- 
solved off  by  dilute  munatic  acid,  and  the  solution  filtered,  if  necessary.  A  so- 
lution of  carbonate  of  potash  then  throws  down  carbonate  of  manganese,  which 
is  collected,  dried^  ana  heated  to  redness  in  the  air.  Of  the  brown  powder  ob- 
tained 100  grains  indicate  the  presence  of  93*84  grains  of  protoxide  of  manganese 
in  the  salt  or  solution  under  examination. ' 

f.  Estimation  of  the  Magnesia. — If  no  potadi  or  soda  be  present  in  the  residual 
•olution,  the  determination  of  the  magnesia  is  easv.  A  few  drops  of  muxiatio 
acid  are  added,  and  the  whole  gently  heated,  and  afterwards  filtered,  to  separate 
the  sulphur  of  the  excess  of  hydro-snlphufct  of  ammonia  previously  added.  The 
solution  is  then  evaporated  to  dryness,  and  the  dry  mass  heated  to  redness  to 
drive  off  all  the  ammoniacal  salts  previously  added.  A  few  drops  of  diluted  sul- 
phuric acid  are  added  to  what  remains,  to  change  the  whole  of  the  magnesia 
uto  sulphate,  the  mass  again  heated  to  redness  and  weighed.  One  hiudred 
grains  of  this  sulphate  indicate  the  presence  of  34*01  |prs.  cv  pure  magnesia. 

But  if  potash  or  soda  be  present — the  weight  of  which  it  is  desirabM  to  deter- 
mine— ^the  simplest  method  is  to  take  a  fresh  portion,  15  to  90  grains,  of.  the 

*  LHmus  paper  Is  ptper  ilstDed  by  dippfaif  it  Into  a  aoIuUon  of  litmot,  a  vegetable  Uae  eo- 
loorHTeraredsad  sold  for  the  parpoee  of  dmeetim  the  presence  offrm  aeida,  by  which  it 
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talioe  matter  under  examiDlition.  If  any  sulpTiiiric  acid  be  present  m  it  add  ni- 
trate of  baiyta  drop  by  drop  to  tlie  solution  till  tlie  whole  of  ibe  acid  is  exactly 
thrown  down — if  possible,  no  excess  of  baryu  being  left  in  the  solution — them 
precipitate  the  alamina  and  blides  of  iron  and  manganese,  and  the  lime,  if  any 
of  these  be  presem,  and,  fihally  evaporate  to  dryness,  and  heat  to  redness  as  hi- 
£>re.  The  dry  mass  is  now  to  be  dissolved  in  water,  adding,  if  neceaary  l» 
com^.tU  tke  sohUwUf  a  few  drops  of  muriatic  acid.  A  quantity  c^  red  ojdde  oC 
mercury  is  then  to  be  added  to  the  concentrated  solution,  and  the  whole  boiled 
down  to  dryness.  Water  now  dLssolres  out  the  potash  and  soda  only,  and 
leaves  die  magnesia  rpixed  with  ojude  of  mercury.  This  is  to  be  collected  on 
a  filter,  washed— not  with  too  much  water— and  neated  to  redness,  when  th» 
n^agnesia  remains  pure,  and  may  be  weighed. 

g.  Ss  inuUum  of  the  Poti^k  ani  Sftila. — The  solution  containing  the  potash 
and  soda,  is  to  be  evaporated  to  dryness,  and  heated  to  redness  to  drive  off  any 
mercury  it  may  contain.  The  wei^t  of  the  mass  which  consists  of  a  mixtoro 
cf  chloride  of  potassium  with  chloride  of  sodium  (common  salt)  is  aceuiately 
determined,  it  is  then  dissolved  in  a  small  quantity  of  water,  and  a  solution  of 
bi-diloride  of  platinum  added  to  it  in  sufficient  quantity.  Beii^  evaporated  by 
a  very  g  ntle  tieat  nearly  to  dryness,  weak  alcohol  is  added,  which  dissolves  the 
chlonde  of  sodium  and  any  excess  of  scdi  of  platinum  which  may  be  presenL 
The  yellow  powder  is  collected  on  a  weighed  JSlter,  washed  well  with  smrila^ 
dried  by  a  gentle  heat  and  Weighed  on  the  filter.  Every  100  grains  indicate 
thepresence  of  I9'33>rains  of  potash,  or  30*56  grains  of  chloride  ofpotassium. 

The  ouantity  of  chloride  of  sodium  is  estimated  from  the  losa  The  weight 
of  the  chloride  of  potassium  above  found,  is  deducted  from  that  of  the  mixed 
chlorides  previousfv  ascertained,  the  remainder  is  the  weight  of  the  chloride  of 
M!ium.  Every  100  grains  of  chloride  of  sodium  (common  salt)  are  equivar 
lent  to  53-99  of  ftoda. 

4.  Estimation  of  the  Amjfumia, — If  ammonia  be  present  in  the  solution  along 
with  potash  and  other  substances,  the  method  by  which  it  can  be  most  easily 
estimated  is  to  introduce  the  solution  into  a  lai^  tubulated  retort,  to  add  water 
until  the  solution  amounts  to  nearly  an  English  pint— then  to  inorxxluce  a  quan- 
tity of  caustic  potash  or  caustic  Ixiryta,  eoA  to  distil  by  a  gentle  heat  into  a 
elose  receiver,  oontaimnjor  a  little  dilute  muriatic  acid,  until  fully  one  half  has 
passed  over.  6i-ehloride  of  platinum  is  then  to  be  added  to  the  solution, 
which  has  come  over,  previously  rendered  slightly  acid  by  muriatic  acid,  and 
the  whole  is  evaporated  Tiearly  to  dryness  bv  a  viery  gentle  heat  Dilute  alco- 
hol is  then  added  to  wash  out  the  excess  of  the  salt  of  platinum,  and  the  yellow 
powder  is  collected  on  a  filter,  washed  with  spirit,  dried  by  a  ir^jpentle  heat, 
and  weighed.  One  hundred  grains  indicate  the  presence  of  7*69  grains  or 
ammonia. 

Or  the  yellow  powder,  without  bein^  so  carefiilly  dried,  may  be  heated  to  red* 
Bess,  when  only  metallic  platinum  will  remain.  One  hundred  grains  of  this 
metallic  platinum  indicate  the  presence  of  17  39  grains  of  ammonia. 

t.  BsttnuUion  of  the  Phosphoric  Add.— It  phosphoric  acid  be  present  in  the 
solution^  it  will  be  contained  in  the  pirecipitate  tnrown  down  by  ammonia  {dC^ 
As  K  will  never  be  found  but  in  vei^  small  quantity,  the  rigorous  determination 
of  its  amount  is  a  ntatter  of  considerable  difficulty.  The  foIlowin|g^  method 
already  described  (13^,  A,)  may  be  adopted.  The  precipitated  alumina,  oxide 
of  iron,  Ac.,  thrown  doMm  by  ammonia,  after  being  dried,  are  to  be  mixed  with 
three  times  their  weifi4it  of  pure  dry  carbonate  of  soda,  and  fused  together  in  » 
platinum  crucible.  The  fused  mass  is  then  to  be  treated  with  cold  distilled 
water  till  every  thing  soluble  is  taken  up.  The  filtered  solution  is  next  to  ba 
gently  heated  and  exactly  neutrolized  with  nitric  acid,  when  a  solution  of  ni- 
trate of  silver  will  throw  down  a  white  precipitate  of  phosphate  of  silver,  which 
itt  to  be  collected,  dried,  and  weighed.  Every  hundred  grains  of  it  are  equal  to 
Sfi*51  cf  phoaphorio  acid,  or  48^  of  bone  earth. 
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Or  the  filtered  solution  may  be  treated  with  muriatic  acid,  ammonia  added  in 
excess,  and  then  a  solution  of  chloride  of  calcium.  B>yiv'  eadk  will  fall,  which 
is  to  be  collected,  wiished,  heaani  lo  redness,  a,n(l  weighed.  Une  hundred 
grains  of  it  contain  4^  45  of  pli()S{>h()ric  acid.  Tlie  fonner  nieUiod  is  probably 
the  beUer,  but  neither  of  them  will  give  more  iluin  an  approximation  to  the  truth. 

That  portion  of  the  fused  mass  which  cold  water  has  refused  to  take  up  is  to 
be  dissolved  in  muriatic  acid,  and  again  precipitated  by  ammonia.  The  clear 
solution  which  passes  through  is  to  be  added  to  the  first  ammoniacal  solu- 
tion {c)j  from  which  the  lime  is  not  yet  thrown  down,  as  when  little  alumina 
and  oxide  of  iron  are  pr^ent,  a  small  poition  of  lime  and  magnesia,  if  con- 
tained in  the  salt  under  exafuinauon,  may  have  fidlen  along  with  them  in  com- 
bination with  phosphoric  acid. 

The  alumina  and  oxide  of  iron  which  rest  on  tlie  filter  are  to  be  separated 
and  estimated  as  already  described  {it). 

k.  Esiimatian  of  Vie  Carbonic  A  id. — The  lime  and  magnesia  dissolved  by 
cold  diluted  muriatic  acid  are  partly  in  combination  wiili  carbonic  acid  and 
partly  with  the  huinic,  ulmic,  anJ  other  vegetable  acids.  To  determine  the 
carbonic  acid,  100  grains  of  the  soil  dned  at  ^l^^,  jn-e  to  be  introduced  into  a 
small  weighed  flask,  and  then  just  covered  by  a  weighed  quantity  of  cold  di- 
luted muriatic  acid.  After  12  hours,  when  tiie  action  lias  ceased,  a  small  tube 
is  to  be  introduced  into  the  flask  and  air  sucked  through  it  till  the  whole  of  th« 
carbonic  acid  is  drawn  out  of  the  flask.  The  loss  of  weight  will  indicate  the 
amount  of  carbonic  acid  very  nearly.  It  would  be  more  rigorously  ascertained 
by  fitting  into  the  mouth  of  the  flask  a  tube  containing  chloride  of  calciyin, 
and  then  heating  the  solution  to  expel  tlie  carbonic  acid. 

Kvery  hundriS  grains  of  carbonic  acid  indicate  the  presence  of  77-24  trains 
of  lime  in  the  state  of  carbonate.  The  weight  of  lime  in  this  state,  deducted 
from  the  whole  weight  obtained  as  above  (c),  gives  the  quantity  which  is  it 
combination  witii  other  organic  acids.  "* 

IT. OP   THE    INSOLUBLE   EARTHY   MATTER   OP  THE   SOIL. 

15".  When  the  soil  has  been  washed  with  distilled  water  as  above  directed — 
it  is  to  be  treated  in  the  cold  witli  diluted  muriatic  acid — and  allowed  to  stand 
with  occasional  stirring  for  12  hours.  By  this  means  the  carbonates  of  lime, 
magnesia,  and  iron,  and  the  phosphates  of  lime,  and  alumina,  are  dissolved— 
with  any  lime,  magnesia,  oxide  of  iron,  or  alumina,  which  may  have  been  in 
combination  with  organic  acids.  The  iron,  alumina,  and  phosphoric  acid  are 
to  be  precipitated  by  ammonia,  the  lime  by  oxalate  of  ammonia,  and  such  other 
steps  taken  as  may  be  necessary,  according  to  the  methods  already  described. 

16*^.  The  undissolved  portion  may  now  be  treated  with  hot  concentrated 
muriatic,  kept  warm  and  occasionally  stirred  for  two  or  three  hours,  and  the 
solution  aflcrwards  evaporated  to  dryness.  The  dry  matter  is  then  to  be 
inoistened  with  a  few  drops  of  muriatic  acid,  and  subsequendy  treated  with 
water.  What  remains  undissolved  is  silica,  which  must  be  collected  on  a 
filter,  dried,  heated  to  redness,  and  weighed. 

.  The  solution  may  contain  oxide  of  iron,  alumina,  lime,  magnesia,  potash, 
and  soda.  Any  of  the  foiu-  last  substances,  which  may  be  detected  in  it,  have 
most  probably  existed  in  the  soil,  in  combination  with  silica — ^in  tlie  state  of 
silicates. 

17^.  But  the  soil  may  still  contain  alumina,  not  soluble  in  hot  muriatic  acid. 
To  ascertain  if  this  be  the  case,  and  to  separate  and  determine  this  portion  of 
the  alumina,  if  present,  either  of  two  methods  may  be  adopted. 

a.  The  residua]  soil  may  be  drenched  with  concentrated  sulphuric  acid  and 
heated  for  a  considerable  time  till  the  sulphuric  acid  is  nearly  all  driven  off. 
On  treating  with  water,  and  adding  ammonia  to  the  filtered  solution,  alumina, 
and  oxide  of  iron,  if  any  have  been  present,  will  be  thrown  down.  If  any 
alumina  be  thus  separated,  the  treatment  with  sulphuric  acid  must  be  repeatp 
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ed,  till  on  treating  with  water  and  ammonia,  as  before,  no  more  alamxna  ap* 
pears. 

d.  Or  that  portion  of  the  soil  on  which  hot  muriatic  acid  refuses  to  act  majr 
be  mixed  with  twice  its  weight  of  carbonate  of  soda,  and  heated  in  a  platinum 
crucible  till  the  whole  is  completely  fused.  The  mass  is  dien  to  be  treated  with 
diluted  muriatic  acid  till  every  thing  soluble  is  taken  up,  the  filtered  solution 
OTaporated  to  dryness,  the  dry  mass  moistened  with  muriatic  acid,  and  again 
treated  with  water.  If  any  thing  is  left  undissolred  it  will  be  silica,  and  if  any 
alumina  be  contained  in  the  solution,  it  will  be  precipitated  by  ammonia,  and 
may  be  collected,  washed,  dried,  and  weighed,  as  already  described.  The  so- 
lution may  also  be  tested  for  magnesia,  and  if  any  be  present  it  may  be  sepa- 
rated by  the  process  already  explained. 

The  former  of  these  two  methods  is  to  be  preferred  as  the  simpler,  though  it 
will  also  require  considerable  care  and  attention.  That  which  the  sulphuric  acid 
leaves  behind  must  be  washed,  dried,  heated  to  redness,  and  weighed.  It  will  be 
found  to  consist  chiefly  of  quartz  sand,  and  finely  divided  siliceous  matter. 

The  accuracy  and  care  with  which  the  whole  of  these  processes  have  been 
conducted  is  tested  by  adding  together  the  weights  of  the  several  substances 
that  have  been  separately  obtained  If  this  sum  does  not  differ  more  than  one 
per  cent,  from  the  weight  of  the  soil  employed,  the  resulu  may  be  considend 
as  deserving  of  confidence.  One  of  the  pomts  in  which  a  b^inner  is  most 
likely  to  err,  is  in  the  washing  of  the  sevend  precipitates  he  collects  upon  his 
filters.  As  this  is  a  tedious  operation,  he  is  very  likely  to  wash  them,  at  first, 
only  imperfectly,  and  thus  to  hare  an  exeess  of  weight  when  his  quantities  are 
added  together — whereas  a  small  I084  is  almost  unayoidable.  The  precipitatea 
should  always  be  washed  with  distilled  water,  and  the  washing  continued  until 
a  drop  of  what  passes  through  leaves  no  stain  when  dried  upon  a  bit  of  glaM. 
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▲CTXON  OF  OTP8UX. — (i9s«  jMfM  333-34.) 

In  the  text  I  have  stated  what  appear  to  me  the  most  probable  effects  which 
gypsum  is  fitted  to  produce  upon  the  soil.  Some  of  the  numerous  opinions  that 
have  been  entertained  upon  this  point  are  thus  summed  up  by  Hlub^ : — 

*' According  to  iiC92/ner,  the  action  of  gypsum  depends  upon  the  power  pos- 
sessed by  lime  to  form  with  the  oxygen  and  carbon  of  the  atmosphere  compounds 
which  are  favourable  to  vegetation  ;  according  to  Ruckeri,  it  acts  like  any  other 
food ;  according  to  Mayer  and  Brawm^  it  merely  improves  the  physical  proper- 
ties of  the  soil ;  while,  according;  to  ReiL^  it  is  an  essential  constituent  of  the  plant. 
Hedwig  called  gypsum  the  saliva  and  gastric  juice  of  plants  ;  HumboUlt.^  Gir-- 
tanrr^  and  Af^bert  TVuier  considered  it  as  a  stinrolant  by  which  the  circulation 
of  plants  is  promoted  ;  and  Chttptnl  ascribed  its  ac(ion  to  a  supposed  power  of 
supplying  water  and  carbonic  acid  to  plants.  Davy  regarded  it  as  an  essential 
constituent  of  plants,  because  it  acts  only  where  gypsum  is  wanting  in  Uie  soil, 
while  other  English  agriculturists  have  supposed  it  to  promote  fermentauon  in 
the  soil.  According  to  Laubender^  it  acts  as  an  exciting  power  without  mixing 
itself  with  the  sap  en  the  plant ;  according  to  Liebifr^  it  ^lcs  the  ammonia  of  the 
atmosphere ;  and,  according  to  Bracflnnot  and  Sprmgel^  it  supplies  sulphur 
for  the  formation  of  the  le^umin  of  the  leguminous  plants  (the  most  probaUe 
view)." — Emdhrung  der  Pfianztn^  p.  70,  note. 

To  the  above  extract  I  may  add,  that  Mr.  Cuthbert  Johnson,  so  long  known 
for  his  many  valuable  writings  upon  agriculture,  in  following  out  the  above  idea 
of  Rail  and  Davy  in  a  recent  paper  on  the  use  of  gypsnm  (Jour,  of  the  Royal 
28* 


M  Acmk  or  or^OM.  [AppMa^ 

Agr.  Society,  H.,  p.  lOB,)  hat  stated  that  a  crop  ofclorer  or  sainfoin  contains  1| 

to  2  cwl.  of  ^'psuin  per  aone,  exacdy  tUe  quamii  y  wJi-Ii  ihe  farmers  of  K^iit  and 
Hajjipshirti  find  it  useful  to  apply  lo  their  grass  lands  every  year.  This  stote- 
me:  It  affords  a  vary  simple  explaiuition  of  the  use  of  ^>'psum,  and  oue  which 
at  first  sight  leaves  nothing  to  be  desired.  But  it  proves  too  much,  for  il 
supposes  the  whole  of  the  gypsum  which  is  laid  upon  the  grass  or  clover 
field  to  be  removed  year  by  year  in  the  crop,  and  makes  no  allowance  either  for 
the  quantity  which  must  necessarilv  be  carried  off  by  the  rains,  or  for  that 
which  must  be  sometimes  at  least  laid  on  in  the  form  of  &nn-3rard  or  other 
similar  manure.  Nor  does  the  result  of  analysis  confirm  the  above  statement 
as  to  the  quantity  of  gypsum  contained  in  the  crop  of  clover  or  sainfoin.  By 
lefeiriog  to  page  220,  it  will  be  seen  that  1000  lbs.  of  dry  hay  do  not  con- 
tain, on  on  avera^,  more  than  4  lbs.  of  sulphuric  acid— equal,  suj^osing  it  aU 
to  be  in  combination  with  lime,  to  8}  )n>s.  of  gypsum.  Or  a  crop  of  1 1  tons  of 
hay  contains  the  elemenu  of  about  30  lbs.  oi  gypsum— only  about  a  sixth 
)>an  of  what  is  usually  added  as  a  top-dressing  to  the  land. 
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0VOGB8TIOlf8  FOB  BXPBBnUBHTfl  WITH  THB  SOLUBLH  ftlLICATBS 
or  POTASH  AlfD  SODA. 

In  the  text  (pp.  307  and  349,)  1  have  had  frequent  occasions  to  refer  to  the|ve- 
sence  in  the  soil  of  the  silicates  of  potash  and  soda,  and  to  their  Apposed  action 
in  supplying  silica  to  the  stems  of  the  grasses  and  of  the  corn-bearing  plants. 
It  would  be  interesting  in  a  theoretical  point  of  view,  to  ascertain^  by  experi- 
ment, more  fully  than  has  hitherto  been  done,  bow  far  the  applicauon  of  these 
substances  to  the  growing  crops  would,  as  a  general  rule,  improve  or  otherwise 
affect  their  growth.  But  as  those  experiments  which  have  already  been  made 
([page  349),  afford  a  strong^  presumption  in  favour  of  their  economical  value, 
it  becomes  a  matter  of  practical  interest  also  to  investigate  their  apparent  effects 
upon  each  of  our  cultivated  crops. 

These  experiments  are  placed  within  the  reach  of  the  practical  farmer  during 
the  ensuing  season,  by  the  introduction  of  the  above,  compound^  into  the 
market  at  a  reasonable  rate  (page  3G3).  ^  1  therefore  subjoin  a  few  sugges- 
tions for  experiments  with  these  silicates,  in  the  hope  that  some  of  the  many 
zealous  ana  intelligent  practical  men,  who  are  now  directing  their  attention  to 
the  applications  of  chemical  science  to  agriculture,  may  be  induced  to  enter 
upon  this  field  of  inquiry  during  the  ensuing  spring, 

1**.  In  order  to  convey  silica  mto  the  plant,  it  appears  to  be  chemically  indiA 
ferent  whether  the  silicate  of  potash  or  that  of  soda  be  placed  within  reach  of 
its  roots.  But  as  the  silicate  of  soda  can  be  manufactured  vetr  mucli  cheaper 
than  that  of  potash,  it  is  desirable  above  all  to  try  the  effects  ot  this  compound 
— upon  the  grasses  and  corn-bearing  plants  especially. 

2^  But  as  in  the  ashes  of  roost  plants  potasn  is  found  in  larger  quantity  than 
soda,  it  is  posiiMe  that  the  effect  of  the  silicate  of  potasli  upon  some  soils  may 
be  so  much  greater  than  that  of  the  salt  of  soda  as  to  counterbalance  the  di^ 
fercnce  of  expense.  Hence  the  propriety  of  extended  uiols  with  this  com- 
pound also.  t 

3^.  But  as  in  the  ashes  of  all  our  cultivated  plants  hoik  folash  and  soda  ara 
found,  it  ma]^  be  that  a  mixture  of  the  two  silicates  may  act  better  than  either 
alone.  It  will  be  proper,  Uierefore,  to  apply  such  a  mixture  in  different  pro- 
portions, and  to  compOLrs  it  effecU  with  those  of  each  of  the  silicates  laiol 
oft  singly. 
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The  first  series  of  comparatiye  experiments,  therefore,  would  be  as  follows: 

The  application  may  be  from  1  cwt.  to  !§ 
cwi.  })cr  .'..•If',  lai.l  on  as  a  top-urebsing  in 
Uioist  we.aher  early  in  the  spring.  Or  it 
may  be  mixed  with  a  large  quantity  of  wa- 
ter, and  applied  M'ith  a  water-cart,  in  either 
case  it  ought  to  be  in  the  state  of  a  line  powder.. 

Bat  although  tlie  above  applications  produce  a  bene- 
ficial effect  upon  the  crops,  it  wdl  not  necessarily  follo# 
that  the  silica,  which  the  siticaies  contain,  has  had  any 
share  in  bringing  about  the  good  result.  By  mere  expo- 
sure to  the  air  for  a  length  of  time  the  potash  or  soda  of  those  silicates  will  absorb 
carbonic  acid  from  the  atmosphere,  and  be  converted  into  carbonates.  The 
same  will  take  place  more  rapidly  still  in  the  soil,  where  carbonic  acid  abounds 
This  conversion  of  the  alkali  into  carbuiiate  wi  1  set  free  a  large  part  of  the 
silica — in  a  slate  it  is  true  ih  whxh  it  is  in  some  degree  soluble  m  water  (pao^e 
206,) — but  in  whicn,  nevertheless,  it  will  find  its  way  into  the  plant  with 
much  more  difficulty  than  if  it  had  remained  in  the  state  of  a  soluble  silicate. 

Now  as  the  airbanatcs  of  potash  and  soda  are  known  to  promote  vegetation 
(page  328), — though  even  with  thes^,  sufficient  ti'ials  have  not  yet  been  mads 
— it  is  possible,  as  !  have  remarked  above,  that  a  good  effect  may  follow  the 
application  of  the  silicates,  and  yet  it  may  be  altogether  due  to  the  action  of  the 
carbonates  which  are  formed  by  their  decomposition.  It  is  of  consequence  to 
ascertain  if  this  really  be  the  casK,  because  the  quantity  of  carbonates  which 
would  be  formed  by  the  decomposition  of  the  silicates  could  be  laid  on  directly 
at  one  half  of  the  price  at  which  the  silicates  can  as  yet  be  sold. 

The  second  s  ries  of  comparative  expf^riments,  therefore,  which  it  would  be 
interesting  to  try,  would  be  such  as  the  following  ■  - 

Tho  quantities  here  indicated  are  b>  the  acre — thai 
of  carbonate  of  soda  is  given  so  great,  because  this  salt 
contains  upwards  of  three-fiftlis  its  weight  of  water  (see 
p.  -215.) 

Another  consideration  ought  not  here  to  be  omitted. 
Nature,  as  has  been  frequently  illuslrnied  in  the  text, 
feeds  her  plants  with  a  muiture  of  many  different  sub- 
stances, and  by  the  aid  of  such  mixtures  they  always 
thrive  the  best '  The  full  benefit  of  the  silicates,  when  • 
'  appUed  alone,  will  be  experienced  only  when  every  oth- 
er ingredient  which  the  plant  requires  is  already  present  in  tlie  soil,  and  in  su& 
ficient  abundance.  But  this  can  rarely  be  tlie  case.  Us  success  will  be  moro 
sure,  therefore,  if  it  be  applied  in  a  state  of  mixture  with  other  saline  substances 
which  are  known  to  be  more  or  less  useful  to  vegetation,  and  which  will  not, 
upon  admixture,  decompose  these  silicates.  Such  are  common  salt  and  the 
sulphate  and  nitrate  of  soda. 

A  third  series  of  comparative  experimGnt$,  therefore,  mi^ht  be  made,  in  which 
from  t  to  U  cwt.  per  acre  of  the  following  mixtiu-es  might  be  applied : — f. 
Equal  weights  of  common  salt,  of  dry  sulplxate  of  soda,  or  nitrate  of  soda^  and 
of  silicate  o{  potash  j  2°.  Equal  weights  of  the  same  substances,  omitting  the 
silicate  of  potash ;  3°.  Equal  weights  of  common  salt,  oidry  sulphate  of  soda, 
of  nitrate  of  potash,  and  of  silicate  of  Uhla;  and  4'-\  Equal  weights  of  the  saine 
substances,  omitting  the  silicate  of  soda,  or  substituting  carbonate  of  soda  in 
its  stead. 

The  sulphate  of  magnesia  (Epsom  salts)  or  of  lime  (gypsum)  can  not  be 
safely  used  along  with  the  silicates,  as  the  magnesia  or  lime  they  contain  may 
decompose  the  silicates-^forming  sQlphate  of  potash  or  soda  and  silicate  of 
magnesia  or  lime,  in  which  the  silica  is  insoluble,  and  could  not,  therefore,  untfl 
afiuther  chemical  change  look  place,  find  its  way  into  the  roots  of  the  plant 


aureate  of 

Poiagh, 
I  CWL 

Crude 
Potash  or 
PearlaHh, 

76  lbs. 

SillcatA  of 
Boda, 
1  cwt 

Crystallized 

Cart)ouale 

of  SoiJa, 

150  Iba. 

BXPSRIMENTS  ON  TUBNIPS. 
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ESSULTS  OF  BXPXRIVBirrs   ITT   PRACTICAL  AOBICULTURB, 
MADB   Ui    1842. 


I  have  much  gmUfication  in  laying  before  my  readers  the  resalts  of  a  aeeood 
year's  series  of  experiments  undertaken  in  consei^uence  of  sug-gestions  thrown 
out  in  previous  parts  of  this  Appendix,  or  of  opinions  expresK^d  in  the  body  of 
the  work.  It  is  oi^  of  ihe  numerous  good  resulu  which  hare  followed  from  the 
issue  of  these  Lectures  in  a  periodical  form  that  I  have  tlie  pleasure  of  inonpo- 
rating  in  the  same  volume  the  results  of  experiments  m:ule  during  two  8aoce»> 
sive  years.  No  one  who  studies  with  care  the  experiments  whidi  follow,  and 
the  few  remarks  I  have  appended  to  them,  will  hesitate  in  pronouAcinz  them  to 
be  as  a  whole  the  most  valuable  contributions  to  accurate  experimental  agricul- 
ture ever  hitherto  published.  The  results  are  not  all  equally  important,  nor  all 
actually  instructiTe,  but  they  are  the  firtjt  fruits  of  a  new  line  of  research,  which 
will  lead  us  hereafter  to  the  discovery  of  important  general  truths.  They  show 
that  practical  men  are  now  on  the  rif  ht  road,  and — spreading  as  scientific  know- 
ledge now  is  among  the  agricultural  body— I  trust  there  is  no  fear  of  their  her»- 
after  being  prevented  from  pursuing  it   . 


A.— EXPERIMENTS  ON  TURNIPS. 
I.  The  first  series  of  experiments  was  made  with  the  view  of  obtaining  m- 
•wers  to  these  two  questions : 
1^.   What  are  the  reuUive  effects  of  different  scdine  substances  upon  the  turnip  enp 

under  the  same  circumstances  ?  and 
2^.  How  far  mau  these  substances  be  employed  alone  to  supersede  farm^yard  mammn 
in  the  culture  of  turnips  ? 

TumiMgrown  In  Salter's  Bog.— Field  furrow-dreined  and  rabsoil  ploii<!hed.    Manorra  tp- 

J  lied  partly  in  dritla  bffore  sowing  on  l«i  June,  and  partly  as  top  drcFsini;  on  2Bltb  July, 
842.  The  s&lt  and  niirare  of  soda  last  appiied  were  disBolved  in  water ;  the  others  appli«d 
d  r  J.    The  quantity  of  land  in  each  plot  vat  one-  tkirteenth  of  an  acre. 


No. 


Description  of 
Dressing. 


1st  Jane.  |23cbJaly  TolaK 


Nothing 

Ck)mmon  Bait. .... 
Common  Bait. .... 

Rape-duet 

Nitrate  of  Soda.  . 
Nitrate  of  Soda.. . 

Rape-doat 

Nitrate  of  Soda... 
Sulphate  of  Soda,, 
Sulphate  of  Soda.. 
BulphatoofSoda.. 

Rape-duet 

Rape-dust 

Guano 


Soot  . 


Manure  applied. 


lbs 
2 


67 
2 


67 


2 

67 

67 

8 

bofsh. 


Iba. 
6 

-J 

6 
6 

-:^ 

9 
bush. 

1 


J*n)diice 
weichl 


lbs. 
1 

4i 

17 
bush. 
2t 


ata.  lbs 
43  II 
23     0 


66 

10 

36 

6 

45 

8 

35 

12 

29 

7 

39 

12 

46 
61 

3 

6 

9     9 


The  rrst  of  the  field, 
gi^wn  with  farmyard 
manure,  wan  a  fair  ave- 
rage crop.  Those  expe- 
rimented upon  were  ■ 
complete  failure,  owing 
imnly,  no  doubt,  to  cAs 
ser^re  draught  of  the  ma- 
MOHy  but  chiefly  to  the 
want  nf  farm  yard  dung. 
The  seeds  bralnled  bad- 
ly, and  the  drills  were 
hlanky  throughom.  Few 
of  the  plants  reache<1  any 
sis'*,  and  the  beet  of  then 
were  inferinrto  the  planis 
immediateiy  adjotoing— 
sown  at  the  same  Ume,  * 
similarly  treated,  except 
as  reepectathe  manuring. 


The  foregoing;  experiments  were  made  at  the  suggestipn  of  Lord  Blantyre  on 
the  home  furn,  at  Lennox  Love,  near  Haddington,  and  have  been  reported  to 
me,  at  his  Lordship*s  request,  by  Mr.  William  Goodlet,  under  whose  inmedi- 
diate  superintendence  the  whole  were  conducted. 

The  rsader  will  not  suppose,  beoause  they  proved  what  are  commonly  calM 
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faUureSf  that  therefore  they  an  of  no  raloe.  On  the  eontrary,  they  so  ftr  MUit- 
fiictorily  answer  the  questions  they  were  intended  to  solve.    They  show 

1^.  That  saline  manures  in  that  locality  cannot  econooiically  take  the  place 
of  fiinn-yard  manure,  even  for  a  single  season. 

2^.  That  scUine  manures  are  even  .hurtful  in  the  present  condition  of  the  land, 
when  emploTed  alone — producin|[  a  smaller  crop  tnan  if  no  manure  had  been 
applied  at  all,  and  some  of  them  m  a  remaikabte  degree.  This  appears  to  be 
especially  the  case  with  common  salt,  which  at  the  rate  of  1  cwt  an  acre  reduced 
the  crop  of  bulbs  nearly  to  one-half  of  what  was  yielded  by  the  unmanured  por^ 
tion  of  the  field.  It  is  still  more  striking  that  nitrate  of  soda  applied  at  the  same 
rate  should  diminish  the  crop  thoujg;h  in  a  less  degree  than  common  salt — and 
that  soot  should  almost  kill  it  enttfelv,  and  that  15  cwt.  of  rape-dust  per  acre 
should  produce  scarcely  any  effect  In  regard  to^guano,  it  was  applied  in  too 
small  quantity  to  do  all  the  good  of  which  it  was'' capable  had  it  ueen  laid  on 
more  largely.  If  6  or  8  cwt.  instead  of  1^  cwt.  per  acre  had  been  used,  the  crop 
would  probably  have  equalled  that  obtained  by  the  use  of  farm-yard  manure. 

There  is  no  doubt  that  to  the  extreme  drooeht  of  the  season,  as  Mr.  Goodlet 
observes,  must  be  ascribed  the  injury  or  actual  lessening  of  the  crop,  in  this  case, 
by  the  use  of  saline  manures.  The  drought  brings  up  the  saline  matters  to  the 
sur&ce,  and  thus  enables  it  to  encrust,  and  weaken,  or  entirely  kill,  the  growing 

Slants.    The  want  of  rain  in  1843  was  much  more  felt  in  the  Eastern  part  of 
Icodand  than  in  the  West,  where  the  greater  part  of  the  succeeding  experi- 
ments were  made,  and  where  occasional  showers  refreshed  the  la'nd. 

One  other  observation  I  may  make.  Had  the  saline  matters  been  mixed 
with  a  fair  proportion  of  farm-yard  manure,  it  is  probable  that  even  on  ^is  field 
the  effects  would  have  been  very  different.  One  reason  for  this  expectation  is, 
that  the  plants  being  kept  in  a  rapidly  sprowing  state — partly  use  up,  and  even 
ei^rly  appropriate,  a  large  portion  of  tne  saline  matter  as  it  rises  to  the  surface 
—and  by  tlieir  stren^h  are  enabled  to  resist  the  injurious  action  of  any  excess, 
which  in  ordinary  circumstances  is  likely  to  remain.  The  reader,  however, 
will  not  ask  why  the  experiments  were  not  so  made — ^for  he  has  already  seen 
that  their  object  was  to  asceitain  the  effect  of  saline  manures  applied  alone. 
From  their  reshlts,  however,  he  will  draw  for  himself  the  important  practical 
rule,  that  in  ordinqry  circumstances  it  is  unsafe  to  trust  his  turtUp  crop  to  salint 
manures  aione — ^that  they  may  assist  the  action  of  farm-yard  or  other  similar 
mixed  manures,  but  cannot  supply  their  place.  But  upon  this  point  the  suo- 
ceeding  series  of  experiments  tnrow  much  further  light 

II.  The  special  object  of  the  following  four  series  of  experiments  was  to  as- 
eertain — 

l^.  Tha  rdative  effects  ckUJly  of  various  mixed  manures  upon  several  varietitt 
of  turnips  i  and  ^ 

3^.  W^utAeranyof  these  mixtures  could  alone  UeconomieaUf  used  to  supersede 
farm-yard  manure. 

^  They  were  made  at  the  home-farm  at  Barochan,  near  Paisley,  under  the 
direction  and  superintendence  of  Mr.  Fleming,  whose  excellent  experiments, 
made  in  1841,  are  recorded  in  a  previous  part  of  this  Appendix  (up.  17  to  34). 
Mr.  Fleming  describes  himself  as  much  indebted  to  his  overseer,  Mr.  Gardiner, 
without  the  aid  of  whose  zeal,  intelligence,  and  careful  superintendence,  so 
numerous  a  body  of  experiments  could  neither  have  been  made,  nor  the  results 
accurately  ascertained.  * 

P.  ComparBtlTe  Experiments  with  Tsrfoua  sobetanees  need  as  manaras,  for  srowhic 
Shoed:9h  TumitB :  aeed  aown  6th  June,  bolte  Uftad  26lh  Nor.,  IBHSL 
RncABJCs.— The  land  ia  a  Uf ht  loam,  loose  Id  Ceiture,  and  of  a  Hfht  brown  colour.  Sab- 
•oit  hard,  and  ttiiti  of  amall  atonea :  It  ia  of  aa  neariy  aa  poaaible  the  aame  quality.  The  tar> 
Bip  aeed  waa  all  aown  upoo  the  aame  dav.  Rala  came  on  the  night  after  aowlnc,  and  In 
eonaeqaence  the  eropa  brairded  welt,  and  came  away  atroof.  Tboae  which  ahow  £a  great' 
sat  weight  In  the  TSble  kept  tha  lead  of  the  othera  all  the  aeaaon.  The  nombera  of  the 
pipes  in  the  Tabls  are  placed  In  the  order  In  Whieh  they  IbOowed  eaeh  other  on  the  groqad. 
The  ssop  woold  pvobably  have  been  haqMr  had  ttaare  bssa  Bsors  rata. 


sxpuntEim  CM  ivtann. 


[JffMtbi 


1'  j 

Quantity  i  Produce 
ajpiieU   '  of  Bulfc^, 

I   Produeeof 

|Oo.iofIliu»ri| 

1                 ORCHARD  FIELD. 

Buihs,   toppe. 

per  imitoriBl 

No.' 

pHr      i  toLiped  dL 
Imperial  .taiied,  per 

iu)d  laileti 

,  periAcre^uciudind 

imperial 

carriage 

and 

1. 

Acre. 

imp  Acre. 

acre. 

puiUiif 

oo. 

1 

lbs. 

tons,  cwt 

2 
8 

2 

£.    a. 

d. 

1     Pot  Old  NHh^Ma,  Bind.... 
8     OjpftUDi. . . .     .  ••••.>•■••«•• 

90IOIM. 

6ewt. 
20  bush. 

Icwt 
90  bash. 
20  bush. 

6Ib8. 
60  bush. 

4800 

4(M) 
4640 

>  4380 

^8980 
4400 

17     8 

14  11 
16    11 

15  8 

14    13 

16  14 

6    J8 
0    12 

0  3 

1  18 

0     9 
0    15 

0 
6 
0 

0 

0 
0 

Carbonate  of  Lime 

C  Balphate  of  Ammonia 

8}  aoickllme 

(  Soot 

4     Bulphar  

ft     Imiiation  of  Daniel's  mixture . . 

6    <  Wood  Charroiil  Powder 

60bu«h. 

4240 

16     8 

8    10 

0 

7     Fresh  Animal  Charcoal 

lOcwt 

6»cii 

21      8 

8    10 

0 

8    {Exhausted  Animal  Charcoal . . . 

10  cwt 

6660 

19    17 

8     0 

0 

9    iTumbull's  Humus. 

60  bush. 

4800 

17     2 

8    10 

0 

10    !  Bones  dlM.  In  Murlatte  Add . . . 

10  cwt 

69U0 

18    11 

3     0 

0 

11     BaroehanAnificlal  Guano 

3cwt 

4960 

17    14 

1    10 

0 

]»    TornbuU's     do.        do 

13     Natural  Ouano 

,.  \  'Ball  and  Quicklime,  mixed, > 
"?        8  months  old... .< 

8owt 

4oeo 

14    U 

8 

1      4 

0 

8  OWL 

6660 

83     8 

8 

3    15 

0 

60  bosh. 

4840 

15     8 

3 

0    16 

9 

W    Boot 

60  bush. 

4480 

16     0  ' 

1     0 

0 

,.S  Potash  and  Lime  mixed,  14; 

*•?'       months  old ...< 

17     Quick  Ume 

60  buab. 

4400 

15    14 

1    17 

6 

60  busK 
GO  bosh. 

8800 
8600 

11  8 

12  17 

0  9 

1  b 

9 
0 

S     Wood-ashes 

9     Bonedust 

40  bush. 
1  tiin. 

4160 
4000 

14    17 
14      6 

6    10 
8    10 

10 
0 

X)     R-peduat...^ 

H     Woollen  Rsjts 

lion. 
30  ions. 

89* 
6000 

3440 

14     0 

\9    U 
12     5 

9     9 
10    10 

0 
0 

B     Fsrm-yard  dunx 

»     NoiMnt 

80.  Resnbs  of  Experiments  withTsrious  Substances  used  at  manures  forjrowing  £Mr 
LivmjHtU  YeUote  TVri^ps,  sown  9th  June,  and  lined  Sd  December,  1S42.  3V  gumilil^  ^ 
land  tn  each  plot  teas  one  eighth  of  an  imperial  acre. 


No. 


BERRIE  KNOWE8  HELD. 
Description  of  Bfannres  used. 


Qiiantit  J  of 
Manure  ap- 
plied per  lm< 
portal  Acre. 


Cost  per  Acre, 

inelodlnit 
carriage  and 
puttlnf  on. 


Produce  of 
Bulbs,  topp«Ml 
andtailod,  per 
Imperial  Acts. 


N«tmnal  Guano  at  26e 

Wood-ashes 

Bsrochan  Artificial  Onano., 

Wood-ashes 

Rape-dust , 

Tiimboll'a  Artificial  i 
Wood  ashes . 
Boil  simple., 


cwt 
bush. 

CWL 

bosh, 
cwt 
cwt 
bush. 


£.  s. 
6  6 
0  10 
3    10 


Tumbulrs  Humus 

Bone-dust 

Potsnh  4b  Lime  mixed,  14  mos.  old. , 
Snit  A  Lime  mixed, 3  mos.  old. .... 

SulpliaTo  of  Maxnpsla 

Bulphate  of  Ammonia 

Nitrate  of  Sofia , 

Sulphflte  of  Ammonia , 

Wood-ashea , 

Niirate  of  S«w1a , 

Sulphate  of  Magnesia , 

Wood-ashes. , 

Sulphate  of  Ammonia 

flulphate  of  Magnesia 

I.ime  and  Polaioh. 

TurnbuU's  Artifirial  Guano 

Barochan  Aniflcial Guano. k........ 

Boil  simple ^,, 


bush. 

bush. 

bush. 

cwt. 

cwt. 

cwt 

lbs. 

hush. 

Iba. 

lbs. 

bush. 

lbs. 

Ihs 

bush. 

cwt. 

cwt 


8    10 


d. 

0^ 

OS 

0^ 

OS 

0 

li 

6 
6 
6 
0 
0 
0 
0 

0\ 
0< 

o" 

4 

o' 

6 
0 


tons,  cwt  qn. 
88     8     8 


81 

81 

11 

18 

11 

13 

14 

17 

14 

18 

17 

14 

17 

84 

11 

87 

8 

90 

17 

8 

11    11     3 


16    14     1 


19    17      1 


A&».  rmj 
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Rkmarki.— The  aoil  te  a  llfht  huel  loam  Incumbent  upon  Mnd-etone  >  rock.  Itwis 
trenched  with  the  tpade.  in  fhe  spring  of  1842,  out  of  pasture  graa?,  to  ihe  depth  of  16  inchei, 
and  the  rocic  quarried  out  when  it  came  neari^r  llie  aurfacte  ttmn  that  dt^^Hh,  il  waHagaiu 
pointed  over  t>efore  sowing,  after  which  ihe  drllia  were  made  upon  the  flat  aurlace  with  the 
boe,  at  the  distance  of  27  inchea  becween  them,  the  manure  tmm  in  by  the  hcutd,  and  co- 
vered up,  the  seed  sown  and  rolled  in.  The  weather  waa  very  dry  at  the  time  they  were 
abwn,  and  continued  so  till  about  the  20lh  June,  accompanied  wuh'  east  winds  and  bright 
sunshine.  They  brairded  modenUely  wall,  and  moet  of  them  came  away  strong  and 
healthy.  In  examining  them,  and  in  the  working  them,  which  was  done  by  the  haud-hoe, 
many  of  them  showed  a  remarkable  diffbrence  from  the  others ;  partieulariT  No.  1  wa»  pre- 
effUntnt  abov9  the  other* for  eixe  tfbutbe  and  etrength  qf  foliage.  Many  of  Iheibtilbe  wera 
11  Iba  in  weight;  those  with  the  saline  and  alkaline  manures,  such  aa  Noa.  S,  9, 10,  and  12. 
were  much  smaller  In  bulbs  and  leaves  than  No.  1.  bnt  were  remarkable  for  Jtrmneee  and 
ooUdityof&ulbe,  No.  11  was  larger  in  siae  both  of  bulbs  end  leaves,  but  soft  and  ligbiln 
weight.  Na  7  had  very  firm  solkl  bulbs,  as  had  also  Nos.  3  and  4.  The  numbers  of  Ihe 
plots  given  in  the  Table  indicate  the  order  In  which  they  were  grown  in  the  field. 

The  Baroehan  Artificial  Quano  consisted  of 


Bnnes  dissolved  In  Bbirlatie  Acid. 2  cwt 

Charcoal  powder 2  cwt. 

Sulphate  of  Ammonia. 1  cwt. 

Common  Salt  and  Oypsum,  each 1  cwl 

Wood-ashes 6  cwt. 


Nitrate  of  Soda ,. SBIba^ 

Sulphate  of  8oda  and  ;  ^.|.  innM. 

tiulphate  of  Magnesia  S^" '^"* 

12 cwt  Iqr.20U)a 
See  note  to  page  ^S> 


2P.  Eiperimants  wKh 


vsrioos  Manures  on  nine  Acres  of  Tmnlpa  on  the 
at  Crooks,  1842. 


i 

Date  of 
Bowing. 

Quantity 

ofLaud 

per  Scotch 

aero. 

Manorea,  and  quantities  applied  to 
the  land  sown,  per  Scotch  acre. 

Produce 

in  Tons 

per  Scotch 

sere. 

Kinds 

of 
Turnip. 

Value 
of  ma- 
nures 
spplled. 

1 

2 
3 
4 

6 

6 

7 
8 

May2& 

Bfayaa 

Junefi. 

June  11. 

June  16. 

June  17. 

June  28. 
July  4. 

A.        E. 

1       1 

1       0 
1       2 

0  a 

1  0 

1     1 

1     1 
1     1 

Rane>dust6cwt,  Humus  26  bushels. 
Bone-dust  12  bushels,  Peat  sshes  6 
earts 

22 

20 

91 

19 

20 

13 
14 
12* 

Swedes. 

Do. 
Telkiw. 

Do. 

Do. 

Do. 

Do. 
White. 

£.    i. 

4    16 
4    10 
10    IS 
10     0 

3  fi 

2    19 

4  2 
6    12 

Kapedust  6cvrt.,  Bones  10 bushels. 
If umus  25  bush.,  Ashes  6  carts. . . . 

Bones  14  bosh,  at  &  fid 

Farm-yard  dung  26  loos  at  7a,  Bones 
10  bush,  at  .8.  fid 

Artificial  Guano  (No.  1.,  p.  60)  2  cwi.« 
Humus  40  bush..  Peat  ashes  6  cans. 

Natural    Guano    1  cwt,   Humus  40 
bosliels 

Humus  67  bush.,  Bones  10  bosh 

Artificial  Guano  mix.,  (No.  II.,  p.  60.) 

Rbmamcs.— No.  1.  Soil  a  sHirioan,  moist,  and  in  good  order;  when  the  seed  was  sown 
tt  brairded  well,  and  came  away  at  once. 

No.  2.  Soil  rather  Hgliter  than  tho  former;  seod  bralnted  well,  and  came  away  at  onee. 

No.  3.  Soil  the  same  as  above  ;  brairded  quickly  in  consequence  of  a  shower  of  rain. 

No.  4.  Soil  lighter  than  No.  3;  a  bad  braird,  and  turnips  long  of  springing  for  want  of  rain. 

No.  fi.  Soil  as  atwve ;  long  of  brairding  in  consequence  of  want  of  rain. 

No.  fi.  Soil  as  above ;  and  tike  No.  8,  atill  very  dry  for  want  of  rain ;  a  late  bratrd. 

No.  7.  Soil  Hchter,  mixed  with  peat :  no  rain— bad  braird. 

No.  8.  Soil  heavy  clay  loam ;  no  rain,  and  a  bad  braird. 

The  two  latter,  from  drought  and  latesowlpg,  did  not  grow  much  till  the  end  of  Sep- 
tember; and  when  checked  by  firost  in  the  beginning  of  November,  were  still  growing 
Tlgoroualy. 

N.  B  —The  land  vras  of  dUferent  qualities,  the  seed  also  sown  at  different  timea,  and  In 
very  diffprentBtates  of  the  atmosphere,  wlih  respect  to  moisture,  yet  the  average  produce 
was  cood ;  and  alUioogh  it  la  not  easy  to  say  which  of  the  artificial  manures,  under  such 
circumstances,  was  actually  the  best,  Ihe  genend  result  shovn  that  any  of  these  used  will 
produce  on  my  huid  s  good  sversge  crop  of  turoips,  and  at  a  Worn  expense  than  ikrm-yard 
manure,  and  tenda  to  confirm  the  correctness  of  various  exnerimenta  tried  by  me  on  a 
smi^ler  scale.  Tlie  measurements  having  been  made  by  the  Scotch  chain,  1  have  not  al* 
ter«l  them.    No.  8  woaU  probakhf  have  bean  the  bast  Conine,  htd  ttiay  baen  aown  eaittaTf 

IbyafcUama. 
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4^.  Ro«]ItaofExp«f1iiMDii  with  difl^rant  mixed  manaret.  In  frrowiiif  White  Globe  Tttt- 
frtM,  oa  new  ireocbed  kod,  Buckladier  Field.   Sown  13ih  July,  iiad  Ufted  16Ui  December, 


DeaeriptioD  of  lI«nii»4>Md. 


1  TiirDbon's  Humus 

TurnboU'e  Imprmred  Bonee  , 
3  Barochen  aitillciel  Gawio.. . . 
4lNatural  Ouano 


Quantltj 

per 

Imperial 

Acre. 


00  bush. 
6cwt. 
6cwt 
6cwL 


Price  of 
Blanure 

Acre. 


Weight  In 
imperial 
mndapr. 
th  Acre. 


5(J 


£.  8.  d. 
son 

1  10   0 

2  10   0 
6     5    0 


Weight  la 
Tone,  Ac 
per  Impe- 
rial Acre. 


Ibi. 
G9S0 
4900 
6300 
9170 


tons,  cwt 
2!      5 
17    10 
22    10 
39    16 


The  Natural  Onano  was  purchased  December,  1841,  when  the  price  i 
cao  Qow  be  had  for  jS13. 


I JBS6  per  ion.    ft 


Rbmarks.— The  laiid  was  trenched  18  InchDS  deep,  snd  complelely  drained  at  the  dis> 
tance  of  18  feet,  with  tile  drains  laid  30  inches  deep.  In  Feb.  1842.  Previous  to  this  it  was  ia 
a  wet,  sour  state.  It  was  again  pointed  over  wiin  the  8(tad(>,  and  the  drills  made  for  lbs 
manures  with  the  hoe  upon  the  level  surface.  The  manures  were  then  sown  in  the  bottom 
of  the  dnils  with  the  haad,  and  a  little  earth  being  put  over  them,  the  seed  was  aown, 
covered,  and  rolled.  The  weather  had  been  dry  for  some  time  before  sowing,  but  raia 
came  on  that  day ,  they  brairded  quickly,  and  continued  to  grow  till  lifted— the  field  belog 
well  aheltered.  llie  tops  of  Nos.  2^  3,  snd  4  were  of  a  dark  green  cok>nr,  and  remarkably 
luzuxiani,  many  of  the  bulbs  weighing  from  6  to  RIbf .  No.  I  was  of  m  lighter  green,  but 
strong  and  healthy,  and  many  of  the  bulbs  of  this  lot  were  6  and  6  lbs.  The  bulbs  of  all  of 
them  were  finely  ^aped. 


III.  The  obiect  of  the  two  following  series  of  experiments  was  the  same  as  ia 
those  6f  Mr.  f  Meming. 

1°.  Results  of  comparatiTe  experiments  upon  Swedes  and  oiker  Tkimim  made 
on  the  home  farm  of  Mr.  Alexander,  of  Southbar,  near  Paislef ,  in  1843. 

The  soil  of  the  field  was  a  deep  loam,  with  a  slight  admixture  of  peat — the 
subsoil  was  partly  a  light  day  and  partly  a  sand^  gravel.  It  was  thoroughly 
tilcHlrained  and  subsoiled  to  the  deptn  of  fourteen  mches. 


No. 


4 

»1 


Kind  of  Manures. 


Quantity 

per 

imperial 

Acre. 


Cost  pel 

imperial 

Aon. 


Swxnas,  soipn  8(A  Ma^f. 

Bone-dust 32  bosh. 

Bones 16  bush. 

Ash-dung 12  i 

Farm-yard  dung 22  tons. 

MistWBof  YeUauf  ^Vmu^mm2iUhJulif. 

Ouano ..., 34  cwt. 

Guano 2  cwt. 

Farm'yard  manure '  8  mnw. 


£,  s. 

4    8 

I  5    8 
*11    4 

3  10 
I  4  16 


Produce 

in  lyiilbs 

per  imp. 

Acn. 


94  tons. 
28  tons. 
3D|tons. 

20  tons. 


Mr.  Alexander  adds,  I  muat  here  notice  particularly  the  result  of  the  la»t  two  experi- 
ments. Tlie  seed  sown  was  a  mixture  of  yellow  and  white,  and  the  period  of  sowing  as 
Iste  as  the  lOth  July.  The  weather  at  the  time  being  favourable,  they  brairded  qolccly, 
grew  with  great  vigour,  and  when  all  the  o(her  turittps  in  the  field  became  affected  with 
mildew  they  stood  as  green  as  ever.  This  (viz.<;  Hie  non-mildewing)  I  aUributi*  greatly  to 
the  guanci,  as  well  as  to  the  late  sowing,  never  before  having  seen  such  a  weight  of  turnips 
''produced,  sown  so  late  in  the  season.    I  applied  other  artificial  manures  on  both  of  theaa 


fields  with  a  due  proportion  of  dunr,vanrlnK  the  quantitif»s  and  modes  of  apniication,  as  ap- 
peared to  me  best  to  test  their  qiisUlies,  but  as  Hie  comparative  effect  is  to  difllcuU  to  decioo 
upon,  I  can  only  here  observe,  with  any  ecrtainiVf  that  ihouxh  the  turnips  bndnled  quicker 
when  the  dung  was  amisted  with  these  manures,  partii-ulnrty  when  TwnnlmiVa  humua  icot 
appUed%  the  crops  afterwards  did  not  appear  tome  lo  be  mareHiHy  aided. 

2°.  Result  of  experiments  upon  YeUoio  Turnips  made  by  Mr.  Alexander,  of 
Southbar,  at  Wellwood  Farm,  Muirkirk,  Ayrshire,  l84a 

The  nature  of  the  soil  on  which  the  experiments  were  made  was  reclaimed  mosa 
fthen  about  2  feet  deep),  having  a  clayey  subsoil,  but  which  had  been  thorouf hly 
oramed  with  tiiea  at  fifieeB  fiset  apart.    The  fiald  had  pvodiwad  whita  aadliay 
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crops,  but,  as  ftr  as  known,  had  never  been  prpvioii«lygreetM»opped.  The  whole 
of  it  received  the  seune  labour,  preparatory  to  sowing,  and  the  weather  during  the 
operation  Twhich  lasted  four  days)  was  ilie  same,  ihus  giving  to  each  experiment 
an  ecjual  cnance.  The  pet  iod  of  sowing  was  from  the  15th  to  19th  of  May ;  the 
tamip  seed  used  was  Skirving's  improved  purple-topped  yellow;  tiie  dung  used 
was  tne  produce  of  the  farm,  and,  with  the  exception  of  tlie  foreign  gucmo,  all  tho 
other  manures  applied  were  those  manufactured  and  sold  by  Mr.  TumbuU,  of 
Glasgow.    The  extent  of  grofunn  /or  each  experinient  was  one  acre,  Scotch  vuoMure, 


No. 


Kind  of  Manurs. 


PuiD-yani  Dang... 

Iliimua., 

Farm-yard  Dung. . . 

Humaa* 

Artificial  Guano.. . . 
Fami-yhrrl  Danir. . . 
Prepared  Bones*. . . 
Farm-yard  Dang. . . 

Humua 

Improved  Bonea. . . 
Artificial  Guano,... 
Ammoniacal  Salta. . 
Artificial  Guaoo.... 
Guano 


Quantity 

per 
imperial 
Acre. 


Coat  of     Frodoce 

Manure      In  Bulbe 

per  impe-  ;ner  impe- 

rial  Acre.:  rial  Acre. 


12  tons. 

2cwi. 
19  tons. 

11  cwt. 

ij    »' 
12  tona. 

at  cwt. 
12  tona. 
9Ulba. 
90  " 
90  •« 
46  « 

»cwt. 

8}   ** 


A.  a. 
4    4 


d. 
0 
8    0 


U  16 

4    4 

0 

0 

0 

0 

i 

3 


0 
0 
0 
0 
0 
0 

3  9 

4  10 

5  6 
8    Oj 
3    0 

6  0 


28  tons. 
24    •« 
20    " 

16    •* 


9|u 
28    « 


Coat  for 
Mnnure 
per  ton. 


s.     d. 
3       ^ 


1 
111 

7* 


lY .  Effed  of  Gypswm  oh  the  Vumip  Crop. 

In  1841,  Mr.  Ettmet  of  Gadgirth,  near  A3rrj  applied  a  top-dressing  of  gypsum 
to  part  of  a  field  of  turnips,  and  found  thai  U  nearly  don&ed  the  crop. 

in  1842,  Mr.  Campbell,  of  Craigie,  in  the  same  neighbourhood,  "dressed  a 
six  acre  field,  with  the  exception  of  a  few  rows,  with  two  cwt  of  unbumed 
gypsum  per  acre.  The  crop  over  the  whole  was  excellent,  but  there  was  no 
perceptible  difference  between  the  dressed  and  the  undressed  part" 

How  are  these  discordant  results  to  be  reconciled  1  The  following  questions 
suggest  themselves  as  worthy  of  investigation — 

1*.  Is  gypsum  really  fropUiou4  to  the  turnip  crop, — and  to  every  variety  alike? 

99.  Are  the  unlike  results  above  obtained  to  be  ascribed  to  the  abundant  pr»- 
senee,  in  the  one  case,  of  gypsum  in  the  soil,  or  in  the  manure  ploughed  in, 
and  its  absence  in  the  other — or  to  the  variety  of  turnip  cultivated  ? — or 

3^.  Can  the  sea-spray  supply  gypsum  to  Mr.  Campbell's  estate,  which  is 
within  two  miles  of  tne  coast,  whue  it  is  less  bountiful  to  that  of  Mr.  Burnet, 
which  is  six  miles  inland  1 


B.— EXPERIMENTS  ON  POTATOES. 

I.  Results  obtained  by  Mr.  Campbell,  of  Craifie. 

Four  equal  drills  of  potatoes  were  treated  as  fdlows:-* 

1^.  Guano,  3cwt  per  aere produce  5  peeks. 

8^.  Farm-yard  dung,  40  cubic  yards  per  acre   .        .  produce  6    do. 

3^.  Do.,  top-dressed  afterwards  with  bO  lbs.  of  nitrate  of  soda,  produce  6    do. 
4^.  Do.,  top-dressed  with  160  lbs.  sulphate  and  nitrate,  mixed,  produce  6    do. 

*  TumlndFe  Jhnmu  is  formed  ftom  mine  sad  nig ht>aofl  saized  with  gjpmaa  and  eber> 
eoal  and  tb«n  dried. 

Titmbuir§  prepared  Bonea  are  bones  and  flesh  dissolved  In  moftalie  aeld,  and  niasd 
wtth  abodt  an  equal  quantity  of  charcoal  In  powder. 

TrnnbutPe  Artificial  Quamo  to,  I  believe,  prepared  bones,  wtth  a  little  ssksad  snlphale  of 
I  prepsred  flfom  urine,  sad  dried  wUh  a  slov»-heat 
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The  abore  result  is  fiiTourable  to  guano,  conaidering  that  it  was  applied  ia 
such  small  qunniity;  but  why  did  the  saline  manurps  produce  no  effect — was 
il  because  ot  ilie  drought  of  the  seasbn,  or  was  it  b^'cause  Mr  Campbell's  land 
is  already  amply  supphed  with  salts  of  soda  from  its  vicinity  to  the  seal  (see 
LeUures,  pp.  344  and  346).  These  experiments  are  not  unworthy  of  repeiitioa 
on  a  larger  scale. 


II.  Some  very  striking  results,  obtained  by  top-dressing  potatoes  with  saline 
manures  on  a  small  scale,  were  described  by  Mr.  Fleming,  of  Barochan,  in 
1841,  and  are  recorded  in  the  preceding  part  of  this  Appendix  (p.  20).  I'be 
following  three  series  of  experiments,  made  under  the  direction  and  saperia- 
tendence  of  the  same  gentleman,  have  been  made  upon  alar^r  scale,  and  with 
the  Tiew  of  throwing  Tight  upon  a  greater  number  of  interesting  points — 

The  object  of  the  first  series  was  to  ascertain  the  effect — 

1°,  Of  tiiffereiU  mixf.d  manures^  when  applied  aUme  to  ike  poUUo  crop. 

2®.  ^Pheir  relative  effects  on  different  varieties  of  potato. 


1  ;  ;  :  :  :     :  S:  -  :  2:  :  E5:  r^    :  '.     :::::: 


^  r*  ;'*  i;  to     w  "^  w  o;  :o  o  -s  5;i  ¥■  O'  3*  ^i?  Pi  i""  tf  *A     ^'^  *-"  ■'*  ^   Ei 


?*  I 


r*  3  *  f 


C  u  1"^  ts  ai 

30 

P 

* 

?m1 

oO"*5^e 

eoooooep^oooowiao 

CQ  — » 

» 

1 

1?; 

•9       Q19 

B»  to  *- ©  fC  tC  »— —  M  ^  34  Oi  ei  ^ 

Cii-QE 

to 

S^ 

■? 

w 

13       -S 

2;^DjciOJ*I3ji.^A(53rTocn 

^jfcSeio 

*J 

« 

1 

e     »c 

O  3  O  C*  O  ft  o  o  »  »  o  o  c  c  o 
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e 

p- 

^ 
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fi^.  The  otjeet  of  the  two  ib11oinii|f  series  of  experiments  was  to  i 

1°.  The  relative  effect  of  Jifferent  salfiM:  substanas  aj/plimi  a^xm^  irith  fumi-yard 
maniue,'  and— 2^.  Whether  the  efieecs  were  greater  when  wuxed  wUh  ike  ttuk- 
mart  at  the  time  of  planting,  or  when  sobaeqiMntly  applied,  a$  a  top^ttnamg^  to 
the  growing  plants. 

1^.  Result  of  Experiments  vUK  salme  aiMainees  in  top-dretsmg  Eaily  American 
Potatoes.  Planted  18th  April,  top-diessed  1st  June,  and  lifted  98th  Sep- 
tember, 184S.  Low  Field,  Baroehan.  Tke  qumUiiy  of  kmd  im  each  pU 
KMSf  one^eiglUh  efan  imperial  aen. 


No. 

Top^iiSiig. 

QiMDtitr 

ofdraaeinf 
Imp.  acre. 

Produce 

lnp«>eke 
oY36 

pounds 
each. 

Pioduce  In 
boQaofO 
ewt  eaeh 

perlmpeilal 
acre. 

Prodoeeln 
aere. 

Col  of 
dreeelufapr. 
Imp  acre, 

IncJodkif 

putting  OD. 

1    Nlnmteof  Soda. 

3  Sulphate  of  Maipie^ 

4  Nltirale  of  Potaah 

6  Nothlns  but  Dung 

aS  SidphateofSoda 

*?  Nitrate  of  Soda. 

7  Sulphate  of  Soda 

nS  Sulphate  of  Soda 

">  Sulphate  ot  Ammonia. 
g{, Sulphate  of  MMCoeaU.. 
*?lNllrateof8od«r 

ewt 

it 

■'! 

1    \ 

peeka. 

116 
106 
148 
96 

144 

90 
161 

180 

boOa. 
64 

66 
63 
74 
49 

78 

49 

76i 

90 

rm.ewtqra 
16      ^    — 
14      10    — 
18       6    - 

18  10    ~ 
13     16    - 
18 

19  16    ~ 
18     17     9 

»     10    — 

JB.    ■.    d. 
1    11    0 
1    11    0 
0    13    6 
9     »  0 

0  0   0 

1  4    9 

0  15   0 

1  4    9 

19    0 

RsMUiKa.— The  noil  Is  a  light  loam  of  jpmhI  quality,  ■ubsoU  hard,atone7  fill,  and  reientiTe 
of  water.  The  potatoee  were  .pliuiled  wHh  the  epade  at  the  distance  or26  inchee  between 
drilia  The  manure,  farm-jara  dnng  at  tlie  rate  of  40  cubic  yarde  p«r  acre,  spread  In  the 
bottom  of  the  driUa— cot  seta  laid  on  thia  and  coTered  up.  (The  cut  tuKera  planied  wera 
the  produce  of  thoee  lop-dreased  last  eaason  (see  Appendix,  page  20>  Came  away  ■oroof 
and  tHtJthjtOfa  dark  green  eoloor,  and  were  very  remarknWe  (Vnm  the  contrmat  which 
they  preaented  to  the  eame  variety  of  Potato— planted  alongside  thie  experimental  sruund 
—that  had  not  been  dreaeed  last  season.  These  last  came  sway  wpsk,  and  of  a  yellowish 
green  eoloiu*,  and,  under  the  same  treatment  in  erery  reneet,  did  not  produce  so  good  a 
crop  by  16  bolls  per  acre).  Noa.  1, 3, 4, 6, 8,  and  9,  had  all  the  same  eflF^ct  in  altering  the 
colour  of  the  stem's  and  learea  to  a  darker  green.  Nos  3  and  7  had  not  that  rfl^t,  but  No. 
8  added  greatly  to  the  produce.  No.  7  made  no  vlatble  alrvrailon,  but  bvrmd  Me  to/m  s» 
vereljf  ai  the  time  of  dreeeingy  ae  did  tmrnt  ^the  otken  thie  drynaaon;  tUTbuming  was  In 
1  only  temporary. 


9^.  Results  of  Experiments  with  different  taUiie  subtUmces^  mvnd  yrUkfam^ 
ford  dung  at  tie  Hum  of  planting^  >n  growing  Eariy  American  Potatoes. 
Flanted  99th  April,  and  lifted  31st  August,  1849.  Tie  quantity  of  kmd  in 
each  plot  was  one-etgMk  of  an  imperial  acre. 


OostofSslM 

aoantity 

Produce 

Produce 

Produce 

need,  per 

•Off' 

in  pecks 
of361ba. 

in  bolls,^ol 

in  tana. 

acre,  Inr4a> 

No. 

of  Manure  sod  Salts. 

6  ewt 

*c,per 

dine  potting 

aers. 

each. 

eaeh,  per 
acre. 

acre. 

on,exrluaive 
of  Dung.- 

Peeks. 

BoUa. 

tna.cwtqra. 
8   17     ft 
8    16     0 

iB.    a.  d. 

1  Farm^ytrdDung  akme.. 
9  Com  Safe,  added  ID  Dnng 

86eiibleydft 
9swt. 

71 
7» 

2» 

0     4   0 

3  Nitrate  of  Stida,       do. 

H" 

99 

^ 

19     7     9 

1*19   0 

4   Sulph.  of  Magnesia,  do. 

9   « 

91 

^ 

11     7     9 

0    17    0 

!»• 

107. 

S| 

18     7     9 

1    12   0 

6  iSolph.  of  Soda,        '  do. 

9    •< 

64 

ff 

8     0     0 
16     0     0 

0    17    0 

7  IstlieateofPetasht     do. 

1    • 

190 

60 

Dong  Hi.  6d-  per  eobie  yani, 
t  The  sOlesie  of  potash  er  "^ 
ssod  or  altex  feasd  ioisthsr. 


exSIUwvs  of  eaitaga  and  ^reading. 
~m  wasdlraoily  prepared  fitom 


pmaihsnd 
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BsiUBXB.— The  aoQ upon  which  (heaho¥«  wen  gtowik  wn  a  MhaoO,  Om  appcraol 
having  been  taken  off  at^diflbrent  ttmea.    It  was  trenched  two  feet  deep  in  the^^rtogef 


ISIl,  and  which  had  to  he  done  with  the  mattock,  it  beinc  too  hard  for  the  apade  ntooa.  t 
was  cropped  that  aeasoo  with  potatoes,  naaurad  with  40  coMc  yanls  of  eomposc  of  weed% 
cut  crasiy  sod  halPiotten  leaves.    Itwas  sfaln  trenched  to  the  ■une  depth  aAer  ilte  crop  or 


potatoes  was  lifted;  end  was  afain  planted  in  tlie  Spring  of  1812  wit6  polaioea,  oianarsd 
with  36  cubic  yards  of  fami-yaid  dung,  mixed  in  the  propontona  staled  wttfa  the  above  aalM. 
The  poCaioea  were  planted  with  the  spade,  at  the  distance  of  two  feet  bscwaen  the  drills,  the 
manure  being  put  hi  the  bottom  of  the  drills,  the  salts  sown  by  the  hand  above  It,  and  ihss 
all  mixed  together  with  a  dang  fork.    The  cut  sets  were  laid  upon  the  mixture,  and  covered 

SAMwrnnmaribaainlHlf  tks  paiatoet  with  No.  Z  tMn  agkt  to  tm da^t  (rra^ded  befitn 
othen ;  aim  Noo.  BtmdT  won oarUertkem  the  otken,  tkooe  Ihroe  Mnr  aa/uirtg  wf  m 
drilU  b^ore  (As  athero  mado  their  appomnmeo  Iknmgh  the  ground,  Nos.  274,  and  6  werehp 
test,  and  very  irregalar  in  coming  np,  and  upon  examinink  the  drills  a  few  of  the  seta  ap* 
peered  to  have  been  burned.  There  was  a  martted  rtissimUartty  In  the  stems  and  leeres  of 
theee  potatoes  through  the  summer.  Noa.  3, 6,  and  7,  wereall  of  adarlMr  greea  cdoor  and 
stroofer  than  the  otheis.  No.  7  teas  romar^abie  far  firtsiisginst  qf  ookao'mtdlaugtk^ 
sfMiM,  so  much  so  that  it  appeared  to  be  •  dtflhrent  variety  of  potato.  Ho.  4  was  fn^  be^ 
ter  in  appearance  than  Nos.  2  and  6,  which  were  of  a  yeUowtoh  green  colour  and  bad  a 
stunted  appeanmce  all  Che  sesson.— When  this  ground  was  first  hrokso  up,  a  pound  of  It 
was  boiled  in  pure  ratal  water  and  filtered,  which  was  then  evaporaledi  Ihe  residue  weighed 
44  grains,  moetly  solubie  salts,  but  hardly  a  trace  of  common  salt. 

3^.  The  following  ezpenments  were  made  with  the  view  of  detenninine  hem 
far  iJononUcal  mixhura  migJUbe  made  to  supersede  farjn^pard  numnre  m  tke 
growth  of  pctatoes: — 

lo  Account  of  an  Bxperiment  ta  growing  Potatoes  (Irish  Pbik  Eysa)  with  the  JoOowliv 
mixture  of  substances,  instead  of  fann-yard  dung,  plaiOed  20th  April,  lOtt 


No. 

IngredlsDlB* 

Qoantliy  In- 
tended to  Oka. 
Dure  four 
aerea. 

Ooslof 
Buhatances 

for 
four  seres. 

2 
3 
4 

6 
6 
7 
& 
9 
10 

Rape^lust 

Bones  dissolved  hi  Muriatic  Add. 
Sulphate  of  Mngnesia 

cwts.  qrs.  lbs. 

5  0     0 
2     0     0 
0     2    21 
2     0     0 

0  2     0 
12     0 

1  2     0 
0     2     0 
0     0     2 

6  2     0 

jB.    a    d. 
1    10     0 
0    12     0 
0     6     0 
0     1     6 
0    10     0 
0     2     3 
0     9     0 
0    10     0 
0     1     0 

CartonateofUme.. 

Nitrate  of  Soda 

Common  Salt 

^liphateofSoda 

Sulphur •..••..... 

Dry  BCoss-Earth ,.:.... 

20     0    96 

4      1     9 

Rbhabks.— The  above  mixture  waa  sown  in  the  drills  at  tiie  rate  of  about  6  cwta.  per  Im* 
perial  acre,  at  a  cost  of  little  more  than  jBl.  sterling,  and  produced  a  foir  crop  of  potatoes  of 
a  remarkably  fine  quality,  43  bolls  per  acre  of  imperftl  Kenfrewahtare  toeasore,  walghing  S 
cvrt  each,  upon  a  poor  and  light,  alihough  new  soil,  but  not  worth  more  than  86a.  per  aere. 
Great  caution  is  required  in  using  this  mixture,  as  it  is  very  spt  to  bun  the  cut  sees  if  laiit 
dlrecdy  upon  them.    Allttle  earth  should  be  put  becween  the  cut  potatosnd  the  manure. 

Vfi.  The  foUowliig  mixture  was  made,  and  lay  together  Ibr  fi^e  weeks,  when  it  waa  sown  le 
the  bottoms  ofpotato  drills  upon  a  poor  tlDy  soil  and  White  Don  Futaloes  planted  wttb  ft 
aoih  April,  18*2:  •—      /      i 


No. 

Ihgrsdienta 

Qusntity  mixed 

to  msnure  one 

acre. 

CostofSub- 
one  sere. 

8aw.dos^  mostly  ftom  Alder.... 
Potash  *Llme  mixed,  14mos.  old 

ciwts.  qra. 

1       2 
1       0 
0       2 
0       2 

bosh. 
40 
,10 

iS.    a.    d. 

0     7     6 

0  2     3 

1  0     0 
0     8     6 
0     4     0 
0    10     0 

SulDhate  of  Ammonia 

Sulphate  of  Soda 

BolphateofBlaAsaia 

Goalie,  20  gadoosi  say 

V 

3       2 

60 

«     7.    » 
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Bbuxks.— The  potetoai  plmled  with  the  abora  mixtara  etna  qoiekir  fliraqgh  (ha 
flmund,  and  wera  vary  hjziiriant  fai  follaee.  Thay  were  liAad  16ch  October,  aAer  betng  eut 
aown  by  firoat  whilat  stUI  unrfpe  and  frowtm^  On  being  taken  op,  thay  were  found  to  yield 
a  produee  oi  66  boUa  of  Renfkvwamre  meaanre,  weifhing  6  cwta.  eaeh,  per  acre,  ofVary 
ifaia  potatoee,  many  of  which  weighed  from  24  to  30  os.  eneh. 

N.  B  — Thia  mixture,  aAer  btAag  pot  tog  ether,  fermented,  and  waa  freqoanOy  (umed,  but 
kept  diy. 

The  aereml  setietf  of  ezperiments  made  upon  potatoes  by  Mr.  Fleming  are 
deserving  of  careftil  consioeration^  and  manjT  of  them  of  iudicious  repetuioo. 
They  are  all  well  contriTed  or  densed,  and  each  series  skimiUy  arranged. 

In  agricoltaral  experiments  it  is  of  the  greatest  possible  eonsecjuenee  that  the 
practical  man  should  have  a  clear  and  definite  object  distinctly  in  yiew.  If  so, 
nis  ezperiments  may  be  signally  successful  in  hiS  own  estimation,  while,  eco- 
nomicalljr  considered,  they  mav  be  total  fidlures.  This,  as  we  have  seen,  was. 
to  a  certain  extent,  the  case  witn  the  first  series  of  experiments  made  upon  Lord 
Blantyrc's  farm,  as  above  detailed  (p.  42).  The  appiicationa  in  some  mstances 
lessened  the  crop,  but  the  result,  nevertheless,  threw  considerable  light  upon  the 
questions  which  the  trials  Were  intended  to  solve. 

In  making  an  experiment,  the  practical  fiurmer  atks  a  question  of  nature ; — in 
arranging  the  form  and  details  of  his  experiment,  he  is  putting  tofiiether  the 
irords  by  which  his  question  is  to  be  expressed.  If  his  question  be  clearly  pot, 
nature  will  g:ive  him,  sooner  or  later,  a  clear  lud  distina  answer — ilT  he  have 
■kill  enough  in  nature's  language  to  understand  what  she  has  said  to  him.  I* 
say,  sooner  or  later,  for  it  may  be  sometimes  necessaiy  to  repeat  the  question, 
either  because  something  hais  intervened  to  prevent  nature,  so  to  apeak,  from 
hearing  his  questioii, — because  it  has  not  been  accurately  expreesed — or  because 
sometmng  in  the  seasons,  or  otherwise,  has  prevented  her  answer  from  being 
cleariy  understood— perhaps  from  bein^  heard  or  read  at  all.  Circumstances 
may  even  prevent  the  answer  from  being  given  until  a  second  summer  come 
round,  when,  if  we  dre  not  on  the  alert,  it  mtly  heVef  be  received  at  all. 

The  above  elperiments,  as  well  as  those  which  foUqiiir .  form  an  eJCeelleilt 
study  for  the  practical  fanner  in  reference  to  this  matter.  Evexy  ieries  is  plan- 
ned with  a  view  to  a  given  end,  the  dircumstances  are  carefully  noted  before, 
durine,  and  at  the  close  of  each  of  the  several  trials,  and  the  answers  are  re- 
corded with  a  very  praiseworthy  degree  of  accuracy.  I  shall  place  together,  in 
one  view,  the  most  important  of  the  deductions  to  which  the  experiments  of 
1842  anpeaf  to  have  led,  when  I  shall  have  laid  before  the  reader  the  whole  of 
the  tables  which  have  as  yet  been  placed  in  my  hands. 

C— EXPERIMENTS  UPON  BARLEY. 

The  object  of  the  following  experiments,  also  made  by  Mr.  Fleming,  was  to 
ascertain  ike  rdative  ^ect  of  differefU  mJiim  iubstatnceSj  when  applied^  as  top* 
dreainfSj  to  a  crop  of  white  barkv. 

The  results,  as  shown  in  the  last  column,  are  sufficiently  interesting. 

Results  of  Experiments  with  various  substances  used  as  top-dressings  upon 
Barley  (common  whiteV  The  Barley  aown  14th  April,  top-dressed  6th 
May,  and  cut  down  26tn  August,  thrashed,  deuced,  measured,  and  weighed 
5th  October,  1843.  T%e  quatUUy  of  land  in  each  plot  wat^mo^igkth  of  an 
imperial  aert, 

Rbxakxs.— The  soil  of  this  field  ia  a  Hght  loam,  aa  naariy  aa  poaalble  miifiinn  In  qoaUtsr. 
aad  had  kin  aboot  ten  yean  In  patture  prevfcnia  to  the  aprinc  of  1842,  when  it  waa  aa 
trenched  with  the  spade  twelve  faiehea  deep.  It  had  been  thoroi^hodnrined  with  dlea  aoma 
yean  before  breaking  up.  Altar  beinir  tranehed,  it  waa  dreeaed  over,  except  where  the  ex> 
peximenia  were,  wfth  two  chaldiona  of  ttme  per  acre,  slaked  with  water,  in  which  commoo 
sail  had  been  diaaoWed,  and  befbre  sowing  the  barley,  with  the  exception  of  the  experiment 
grouDd,  It  waa  tDp*dreaaed  over  with  two  and  a  half  cwta.  of  TttnibaU'a  artiflcial  gimno  per 
aere,AarroiMifln,aiiMeat*o<Aefop'dlr«gtA^No.  Sbitha  table  of  expertmenta.  Thebar^ 
Uj  waa  aown  broadeaalj  ^  buahele  per  acre.  Owing  to  the  extraordinary  dronght  at  time 
of  aowfng,  It  did  not  brairdwell  tOl  rain  came ;  after  which  it  made  rapid  progreaa.  Advao- 
tage  waa  taken  of  heavy  ralna  to  put  on  the  lop-dreaalnga,  all  of  which  were  aown  at  the 
lima  above  8latad»  via.,  6ih  Mij,  except  Na  4|  which  was  not  sown  dU  tba  Ifth,  at  which 
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No. 


RooBM  Hill  PuaJ>» 

DesciipCipn 
ofTup-DreMinci. 


^1 

c 

I 


St 


8s" 


II 


i 

**£ 


IS 


II 


Nitnteof  8oda....».4 

Sommon  Suit 
jlpbate  ofSoda 

:$iilphate  of  Maf  neala. . 
Natural  OuMKS  at  9k. 

NUntA  of  Potash 

Common  Salt 


Nolliing 

TumbuU'a  Artillelai  Guano. 


Iba 
10  > 
14  S 

St; 

43 

14 

42 


1821 

1698 

2192 
1686 

1735 

leau 


364 

376 
432 

378 
335 
334 


em 

491 
6B9 
fi90 
496 
426 
4flD 


8    0 


M  64 

64  0 

37  42 

63  3 

47  15 

49  26 


!lme  there  trot  Uftle  rtdn^  and,  in  contequence^  it  burned  the  pian/t,  of  ttk/eh  thep  did  not  re- 
cover ail  the  $eam/nj  and  the  firound  get  full  of  wei*d8  No.  6  burned  tiie  yUatu  abo,  Iwt 
Ihey  i^oovered  quickly,  and  gAve  a  food  r«f tiun.  Am  wm  rmnefked  btfmt,  Khertter  tumdnm 
mttt  wm pmt  on  at  a  lendreeeMif  en  gram  trepe,  either  tif  wheat,  bdrit^etoate,  and  emtket- 


wheat,  bdrU^ 
variabijf  htavu 


a  ten-dreeefnf  a  ^  ,   . 

ever  dtecriptitm  (ff  eou  vpon  ihte  tetaie^  the  grain  woe  intahaAfjf  heavier  per  bttaktL  and  hoi 
few^  weuite  or  taik  in  preportiun  to  the  quantity  ^f  grain  per  aercj  Than  an^  of  the  elher 
drmeinge  applied  here.  From  iha  frequent  menNon  of  efiade  culture  In  theae  ejr|>eriin«uta, 
many  may  consider  that  ibfgr  Were  opoa  a  very  email  acale.  whkh  Is  not  the  rase,  dM 

Srepier  proportion  of  Ihem  heing  very  exiensive.  He  Fleming,  to  givtf  employment  (o  the 
estitute  labnurcrsi  having  dug  antl  trenrlied  about  thirty  acres  of  land  inxtead  of  itluoghb^ 
it,  which  accounts  for  the  frequent  mertMon  nf  vpade  culture,  which,  when  it  can  be  goc  e» 
•ented  at  a  mmlerate  rate  dwrtlcalarly  trenching  at  X4.  per  acre),  te  t«ry  advanragvooa, 
and  ■eema  superior  to  trepch  pkHigbing .  At  F.  GxBDUifea. 

D.— EXPERIMENTS  UPON  OATS. 

The  first  of  the  following  series  of  experiments  was  mtide  at  Lennox-Love, 
at  the  reauest  of  Lord  Blaniyre,  the  second  at  Barochon,  under  the  direction 
of  Mr.  Fletnine.  The  general  object  of  both  was  the  same— /o  asmiain  Ui 
relative  effect  of  different  saline  substances  applied  as  top-dressings  upon  jfoun^ 
cats;  but  those  of  Mr.  Fleming  have,  besides,  the  special  object  of  ascertaining  UU 
effect  of  certain  tnixtwes  upon  oats  tolieti  grown  upon  mosey  land, 
l^.  Oata,  aecood  crop,  aArr  old  loa.  Boil  efiarp  loam  :  aubaoil  clay  resting  nn  sand-stooa 
mck.  Oata  sown  l4th  Marrli ;  top-dreMinea  a|ipiied  I3lh  May  ;  rmp  cm  27ih  Aug. ;  and 
thrashed  9lh  Sept.,  1842.  lite  quantity  of  Umd  in  each  plot  wmoneeigh*h  of  an  i\ ' 


Nothing 
Common  Half. 

Common  Sak 

Hape-duai  ......... 

Nitrate  of  Soda...... 

NirraieofSoda 

Ilapi»-duat 

Nilrattf  of  8<>ila.  .. 
flutphste  of  Soda. . . 
Pulphale  of  Hoda. . . 


a(  tSiilphaleof  Soda  , 
^i  Rape-duat 
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U 

»! 


Kape-duat . 
Oiinno. , 

8(K>t.. 


Waale  water  from^ 
work  diluted 


omna 

wdhl 

ofwaiar 


14 

112  ( 
14 

7< 
7S 
14 

28 
4hu«h. 

6ga]Is. 


0  4 
70 
3  1 

87 

20 

1  0 

7  5 

II  (I 
50 
4U 


lbs.  Ihs 

672.  264 

568  239 

644  236 

668  2Q6 

616  831 

0O<  ifiiy 

504  18B 

672  263 

616  >S4 

938  3ai 

532  193 

700  273 


24 
2i  276 
296 

m 

a 
so 

26 
3(> 
11 

16 


249 


390  22 
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buslis. 
675 
600 

bush. 
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6« 
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»| 

619 
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40 
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39 

4«1 

— 

3^ 

482 

— 

40^ 

6-66 

— 
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5-62 
875 
612 

800 

80i 

7W 
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•60  I 

1-56  i 

1 19  i 
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I'M  I 

1^ ; 

•19 
1  13 

-    l« 


A^.  rm.} 


■ZMEiiunm  JJFom  om* 


Ot»»\  aown  Ukn  April,  t^iondraiiMdpeaf 


mmmdmttp  dnmtiumvpan  OMKOndr 
Hoa.  2, 3|  aad  6  Cop^lf  M  " 


„ r    .  -^ , -         .   , If  ©ated  on  the  i 

day  i   No.  1  dre«»ed  Gilt  May,  ciU  down  14ih  Beptembor,  and  Oinubed,  deaood*  aod 
weithcd  6U>  Octy  18^    7%e  quantity  gf  land  in  eaehplot  wtu  one-eigh/h  of  an  impmd  aart. 


NoL 


SHAW  rAMJt  Wai»,  BABOOBAH. 

Dcacriptkw  of  PrMrinf. 


I 


II 


i 


'1 


i2ir 


Sulphate  of  AmmoDia. . . 

Water pWfalta. 

dulptiaie  of^oda 21  lbs. 

Nitrate  of  Soda HliM. 

Bones    diaaoWed    in  Miulatlc 

Acid '. 

Nothing 

Sulphate  of  Ammonia. . . 

tSilieateof  Potaab 

Sulphate  of  Soda 

iBonea    dleaolTed   to   Muriatic 

Add iMlb* 


)42nM. 

ritM. 
141ba. 
lilba. 


)b8. 

420 
460 

4*^ 
aB» 


eao 


Iba. 
41 

40 

42 
39 


a.   d. 
S    6 

nil 

z  e 

1  4^ 

2  U 

I, 

I    2/ 


buah.lb8 
es  18 


61     0 


00   40 
43     3 


66     6 


RcxAaKs.— The  aofl  upon  which  the  above  wero  grown  ia  mo»a,  rather  deeper  In  aome 
paita  than  others,  Incttmoent  upon  gravel  of  a  atUT  retentlre  quality.  It  had  been  nanlj 
dnined  some  years  ago,  but  owing  to  the  nature  of  the  soil  the  diaiiis  did  not  act  weu.  u 
the  spring  of  1842,  It  was  again  drained  with  Ulaa,  and  trenched  over  with  the  spade  to  the 
depth  of  16  inches,  and  some  of  the  gravel  subsoil  bn>iight  up  among  Hie  moss.  The  ground 
being  divided  taito  lots  for  the  purpose,  the  top-dresainga  Nos.  2,  £  and  5  were  sown  on  the 
16th  April,  and  slightiy  harrowed  In ;  the  oats  were  then  sown  and  harrowed  In-  No.  I  was 
made  nom  100  Iba.  aulphate  of  ammonia  disaohred  la  100  galls,  of  water  (proportions  for  an 
Imperial  acre),  and  apnnkled  upon  the  oaU  during  the  time  of  rain  on  6ch  May.  No.  6  was 
aown  upon  a  lot  where  the  mots  was  fully  the  deepest  They  all  brairded  well ;  Nos.  2  and 
6  cominit  rather  earlier  than  the  othera,  and  of  a  darker  colour,  particularly  No.  2.  No.  I, 
alter  being  watered  with  (he  solution,  became  also  of  a  darker  green,  but  neither  Noa.  I  nor 
2  were  so  strong  in  the  straw  as  So*.  3  and  5,  both  of  which  ttere  rematkablefor  atren^  and 
tusuriane^  etpcdaUy  So.  6,  which  kept  the  kad  of  the  othero  aU  /As  »oa»on. 

E.— EXPERIMENTS  UPON  WHEAT. 
The  following  three  Experiments  upon  wheat  ejchibtt  verv  interesting  results : 
P.  The  fint  series  wss  made  on  the  Kome  farm  of  Ijord  Blantjrre  at  Lennox 
Love,  and  was  intended  to  ascertain  ike  retative  effects  in  thai  IccaUty  of  difur* 
etU,  chiefiy  saune,  manures  app&ed  as  lop-^essings  to  spHng  wheal. 

Weight  lakt^n  fmm  « 


iNo. 


LmmoS'LoTB. 

Descripdon  of 
Dressing. 


li 


^a^ 


Thrashing  BUU  of 

a 


OS  > 


I 


Nothing. 

(;ammoa  Salt 

Common  Salt 
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0  4 
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3  1 
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1  0 
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lbs.  lbs. 
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1120  3634 
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before  brraktair  op  Iron  oU  ciMi  !■  fhe  aoiiimB  of  180;  aiM«ftetf 

.irfi«ofl8ll.  WbeMeowB5lhMrnr7,I8lt^maBa«e«ppficdiaik 
May;  erop  eoc  Mfta  Altaic ;  and  lhrMiicdlOlh0epCcaiber,l8tt.  TV  fi«wiii»  ^l»rf i» 
Md^M  mr  PM-c^iU*  ef  «>  ^iVcr^  «^ 

2^.  The  object  of  die  tecond  seriet,  made  at  Borochaii,  was  to  aaeettain  iks 
fdalive  efeti  of  certam  mized^  ekie/liff  salme^  wummra  ttpjiied  as  tgp-dnaimgs  t» 
wuUermkeat. 


_    lacee  need  —  tap  dremmg^,  apoa  Winter  WlieaL 

Dreewd  9th  Mar,  aad  cue  7th flepCeflBber,  1812.    TV qmmlitf  ^kmdm mdk pla  umtm 


9f 


otHMtptnmA 


No. 


A 


eaooK'a  FAuif 
lAaocm^jf. 

lle«err|}Uda  of 
T0P  Dmaiafa. 


#1  B^l^£|*f|.^i 


tb*. 
Koihlnr 

Tufnbuil'i    ArUficteJ 

Q^mnQ . 

OoDiBncpii   iVil! 
8cil|*hiB|«  of  ^cla« . . , 
NiiAi«  or  t^fida 
DomixiDn  SaK  . . 

lUpe-clfiki . , 


VbM,  If 


175 
150 
190 

170 


! 


1 


u 


lis    ^il 


SB  B« 


arao 


ftSMABxa.— The  eoil  It  a  hrarr  loam,  Incambent  upon  a  deepxiay.  The  wheat  waa  eowc 
■t  the  end  of  November,  1641,  aner  a  crop  of  yellow  tamlpa.  The  tnniipa  were  manored 
with  20  tons  of  town  dung  per  acre.  Owinf  10  the  severity  of  the  winter  of  1841  and  spiinf 
Of  1842,  the  plants  were  Very  thin  upon  the  ground.  In  April,  1S42,  it  waa  sown  down  with 
grsis  seeds,  harrowed  and  rolled,  after  which  it  tillered  and  cradually  recovered.  At  tba 
time  the  dressing  were  pat  on  there  wss  rain,  but  in  f  eoeral  u  wu  ory  ireaiJker  tUier^  and 
in  contequenee  the  tcp^eettngt  did  not  produce  euch  great  retulta  00  thejf  did  in  1^1.  The 
ileld  was  examined  from  time  to  time,  and  the  appearance  of  each  experiment  aa  noted 
down  Is  fully  borne  out  by  the  results  given  In  the  table,  vis. :— No.  1  waa  taller  in  the  straw, 
longer  In  the  ear,  and  of  a  darker  green  colour  than  any  of  the  others ;  No.  6  waa  nejrt,  and 
No.  4  was  tirinl.  In  point  of  appearance  there  waa  in  the  others  no  perceptible  diflerenca 
llrom  the  general  crop,  except  Wo.  3,  which  appeared  to  have  checked  (he  growth  of  tha 

elanta,  and  from  this  check  they  scarcely  recovered  all  the  season.  It  is  however  remarks- 
le  tliat  wherever  common  salt  was  applied  the  grain  waa  heavier  per  bushel  //  amS  Ac 
obeerved^  leithrffennce  to  the  experiment  i^wn  irAeoi  grvwn  en  thie  land  Umtytar^  that  IV 
appUeattonp/eomnuMoalt  had  a  very  great  effect^  and  vouid  probably  ha^e  alto  benefitted  IA» 
general  crop  thie  year^  had  it  not  beenjur  th%  extraordinary  drought  cf  the  eeaeon  (see  Appca* 
iix,  p.  17.) 

3^.  The  object  of  the  third  series,  made  by  Mr.  Burnet,  of  Gadgrirth,  nea 
Ayr,  was  the  same  as  those  of  Mr.  Fleming.  The  mixtures  employed,  how- 
ever, were  diflferent,  and  the  tabulated  results  are  at  least  equally  interesting 
and  satisfactory. 

Results  of  Experiments  with  mixed  Bfsnurea  osed  aa  top-dresslnga  upon  Winter  Whea 
(Eclipse  variety),  sown  29th  October,  1841,  snd  reaped  16ih  August,  IS42L    The 
iff  land  in  each  plot  waa  one-fourth  f^an  tmpetrud  acre. 
The  toll  a  loam,  with  subsoil  of  clay ;  lile-dnlned  and  trench-plooghed.    Had  been  In 

beans  the  year  previous,  and  had  no  manure  with  that  crop  aor  with  the  wheat,  except  tha 

above  appllcsilons,  harrowed  In  In  spring.    No.  6.  at  a  coat  of  jS2.  4a.,  has  produced  an  In- 

STMSO  over  No.  1  of  £».  Ids.  8d.  being  agti^  of  i4.lflB.8d. 
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P.— EXPERIMENTS  UPON  PASTURE  AND  OTHER  GRASSEa 

I.  Experiments  made  by  Mr.  Alexander,  at  Wellwood,  in  1642. 

A.   On  crops  of  meadow  and  rye  grass  hay. 

1^.  One  Scots  acre  of  well-drained  mossy  meadow,  and  full  of  timothy  grass, 
was  lop-dressed  during  the  last  week  of  April,  with  1  cwt  improTed  bones,  | 
cwt.  glauber  salts,  (  cwt  of  charcoal,  all  well  mixed  with  ashes.  Result.— 
Crop  much  improved,  and  came  to  loO  Ayrshire  stones  (of  24  lbs.)  per  acre. 
I  may  mentioir  that  this  meadow  suffered  generally  much  from  the  severa 
drought ;  the  above  kept  its  growth  best. 

2^.  One  Scots  acre  of  well-drained  mossy  meadow,  full  of  timothy  grass,  was 
top-dressed  during  the  last  week  of  April,  with  1  cwt.  of  artificial  guano,  IS 
bushels  of  humus,  well  mixed  with  a  quantity  of  ashes.  R£SULt. — Not  so 
erood;  more  affected  by  drought;  crop  160  stones  per  acre ;  the  rest  of  the  un- 
dressed meadow  land,  on  an  average,  140  stones  per  acre. 

3°.  Three  acres  of  nre  grass  hay,  upon  a  vtryh^kt  sharp  soil,  was  topdressed 
during  the  last  week  of  A  pril,  with  3  cwt  of  aruficial  guano,  2|  cwt  of  improved 
bones,  1  cwt  of  charcoal,  all  mixed  with  a  quantitjr  of  ashes.  Result.— I  can- 
not pronounce  that  the  hay  on  the  three  acres  was  increased  in  bulk ;  the  crop 
was  a  light  one  on  the  whole  field,  owing  to  the  severe  drought,  and  the  verv 
dry  nature  of  the  soil  this  season,  therefore,  gave  this  experiment  no  &ir  trial. 
I  would  say,  however,  that  I  have  rarely  seen  such  an  appeanmce  of  whi(9 
clover  since  the  hay  was  cut,  and  particufarty  on  the  dressed  land* 


Ezmamrs  vron  pistobb  qbass. 


[4ffciiAc 


B.   On  pastiure  grass. 

Three  yean'  old  lea.  The  extent  2  acres  3  roods  Scots  measure,  diTided  into 
three  equal  parts,  and  the  manures  applied  during  the  last  week  of  Apiil. 

No.  1.  Dressed  with  |  cwt  of  amoioniacal  saUs,  1  cwt  of  sulphate  of  soda 
(glauber  salts). 

No.  2.  Dressed  with  |  cwt  of  amoioniacal  salts,  i  cwt.  of  glauber  salts,  |  cwt 
of  common  salt. 

No.  3.  Dressed  with  |  cwt  of  ammoniacal  salts,  {  cwt  of  glauber  salts,  i  cwt 
of  nitrate  of  soda. 

Results. — Nos.  I,  2,  and  3  were  much  alike ^  in  all  the  three  eases  the  rege- 
tation  was  quickened  and  improved ;  but,  as  is  always  the  case  with  expcri- 
roents  on  pasture,  unless  the  cattle  were  kept  off  for  the  whole  season,  and  the 
produce  cut,  it  is  not  easy  to  say  how  &r  the  above  appHcation  went  to  improve 
the  grass ;  but  certainly  the  small  field  did  wonders — for  it  pastured  fifteen  eariy 
calves  nearly  all  the  season. 

IL  The  following  carefully  conducted  series  of  experiments  were  made  by 
Mr.  Fleming,  of  Bcurochan,  with  the  view  of  determinine  the  rHaUve  effect  ef 
saline  suls/ances  upon  the  weight  of  the  hay  crop^  oa  the  field  where  the  expect- 
mental  wheat  of  1841  was  grown : — 
&MuU  or  Experiments  tried  upon  town  OrsM,  cut  for  Haj  oo  30th  June,  1812.  Crook's 

Farm,  where  the  Wheat  grew  in  IS41.    (Aee  precedinff  partorthia  Appeodiz,  p.  19l; 

77ke  quantity  qfland  in  each  plot  weu  one-tisieenth  of  an  imperial  acre. 
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Rbmarkb.— Nos.  J^  2, 3, 4, 6,  ami  8,  were  all  dressed  on  the  9th  of  April,  the  weather  be- 
ing verr  drr  at  (he  t(me.  and  tlieir  effects  were  hardly  perceptible :  bat  in  the  laat  week  of 
April  Nos.  3  and  4  showed  an  improvement  over  ttie  others.  We  had  heavy  raina  the  fint 
week  of  Maj,  and  by  Uie  7ih  of  May  the  nitrate  of  sodi  (No.  3)  could  be  seen  at  a  dtstanco  bf 
the  alteration  of  the  colmir  to  dark  jiroen,  and  its  heiiihl  above  the  others ;  upon  that  day 
Not.  1  and  2  slKnved  no  visible  aUcmtion  from  the  undressed.  No.  3  was  the  beat  of  any : 
taller,  and  of  a  dark  ffreen  eoloiir,  and  thlrker  swarded.  No.  4  ohoteed  little  or  no  alteranm 
in  edcmr»  but  unafuU^  longer  than  the  gen/rai  erop^  6nd  proaented  the  remarhablo  appearaneo^ 
^  did  No  1.  in  beinw  pearly  aU  Fesluca  Rubra,  tcith  hardly  any  rye  gram,  although  of  tkia 
gram,  xix.  (Feniuca  Rubra),  mme  ttae  aoten ;  thejidd  having  been  eovon  with  rye  gram,  fm* 
othy,  fmd  red  clover.  No.  6  darker  than  No.  4  in  trie  colour,  and  good  ;  but  No.  8  hardly  im* 
proved.  Nos.  6,  7,  ft,  and  10,  were  dressed  upon  the  7th  of  Msy.  Ttie  men  in  plouKhingQO 
the  stubble  of  1841  found  that  the  ridces  which  were  lop  dressed  that  season  with  nkraie  or 
soda,  were  more  difficult  to  plough,  from  the  slrenjtih  and  depth  of  the  grass  roots,  than  the 
ridces  undressed,  each  alternate  ridce  only  having  t)ecn  dressed. 

Pricfs  ^iVonuras.— Sulphate  of  soda,  7s.  per  cwt. ;  Nitrate  of  soda,  jBl.  per  cwL  ;  Natn* 
fsl  Guano,  StSs.  per  cwt ;  Artiflcial  Guano,  8s.  per  cwt }  SiUcate  of  Poisab  or  BokaUi»  Qkmt 
Ms.  par  ewL ;  Sulphats  ofAmionta,  £1.  per  cwt. 


a— EXPERIMENTS  UPON  MIXED  CIIOP8. 

The  following  interesting  experiment  was  made  by  Mr.  Alexander,  for  the 
paipose  of  aseertaininf:  the  efftd  of  a  mixtmn  ofgypnm.  and  eommgn  joft  upon  a 
mixed  crop  ofoaU^  beans,  and  peas  > — 

Resuh  of  an  experiment  upon  the  effect  of  ffvpsam  and  common  salt,  applied 
M  a  top^lressing  at  Wellwood,  Muirkiilc,  184^. 

Four  Scotch  acres  of  strong  soiL  bordering  on  clav,  broken  up  from  two-year^ 
old  pasture,  wne  sown  with  oats,  beans,  and  peas  nrhlch  is  called  in  Scotland 
masklem,  and  is  a  first-rate  fodder  for  dairy  stock).  ^hcTall  came  well  up,  but 
worming  and  other  causes  injured  the  crop  so  much  that  1  had  serious  intention 
of  ploughing  it  up,  and  sowmg  turnips.  Instead  of  doing  so,  I  top-dressed  the 
vhole  four  acres  with  the  following  substances,  well-pounded  and  mixed  to- 
gether, and  this  bein«  done  immediately  before  copious  rains,  the  mixture  was 
washed  into  the  soil :— 12  cwt.  gypsum  (from  TumbuU),  Which,  with  carriage, 
cost  8s. ;  4  cwt  common  salt,  which,  with  canriagei  coet  8s. ; — this  and  Uie 
gypsum,  16s.    Cost  of  top-dresshig;  4s.  per  acre. 

The  effect  was  like  magic ;  the  plants  iramediatdy  assumed  a  deeper  green 
colour,  and  grew  wonderfully,  and  this  fie|d  took  the  lead  of  all  my  other  oats, 
and  when  reaped  the  field  generally  was  the  best  I  had.  Oats,  beans,  and  peas 
were  all  particulaily  well  filed.  I  may  state  further,  that  after  the  oressing  it 
stood  the  seyere  droueht  better  than  any  of  my  other  crops.  Wellwood  is  83 
miles  from  the  sea,  and  560  feet  abote  it. 

fVom  other  experiments  which  I  had  before  raa^,  but  which  I  shall  not  for- 
iSket  eater  on  here,  I  am  convinced  that  common  salt  is  a  great  auxiliary  in  that 
localitjT  (if  not  to  most  others  distant  from  the  sea),  and  h  oug^  to  be  far  mora 
eUensively  used. 

H.-EXPERIMENTS  UPON  BEANS. 

The  following  experiments  were  made  by  Mr.  Alexaader,  of  Southbar,  at  hia 
farm  of  Wellwood,  in  Ayrshire,  with  the^iewof  asoertainiag  the  rslative  app^ 
renl  effects  of  different  saline  top-dfeasings  upon  beant  mt  dtfirent  periadt  tf 
their  grawlk : — 

Experiments  made  at  WeUwood  upon  a  crop  o£  beant  (184S). 

The  ground  was  manured,  previous  to  sowing,  with  16  ions  of  fiurm-yard 
dung  per  Scotch  acre,  and  the  other  manures  apphed  wken  the  beam  were  abevi 
two  inches  high  (they  were  sown  in  broad-cast).  The  extent  of  groiind  was  9| 
acres  Scots  measure,  divided  into  four  equal  proportions. 

No.  1.  Dressed  with  |  cwt.  of  sulphate  oi  soda,  |  cwt  of  ninale  of  soda. 
Resdlt.— The  effect  of  the  dressing  was  seen  soon  after  application,  by  deep- 
ening the  colour  of  the  plants.  Tli«  beans  were  deficient  in  straw,  but  remaric- 
ably  well  podded  and  filled. 

No.  3.  Dressed  with  i  cwt  of  sulphate  of  soda,  1  cwt  of  gypsum.  Result. 
—More  straw  than  the  foregoing,  and  rather  better  crop. 

No.  3.  Dressed  with  |  cwt  improved  bones,  \  cwt.  artificial  guano,  3  bushels 
Tunibttll's  humus.    Rbsctlt. — ^About  the  same  as  No.  1. 

No.  4.  At  first  not  dressed ;  but,  in  consequesMe  of  bmng  weakly,  was  after- 
wards top-dressed  with  3  cwt  of  gypsum,  and  1  cwt.  of  common  salt,  done  in 
eonseonence  of  the  highlr  beneficial  effect  produeed  on  the  four  acres  of  mashlam 
crop  aoove  alluded  to.  Result. — Thou^k  done  so  late  thai  the  beans  were  aXreadif 
coming  into  Jtower^  it  hdped  thetn  mnak,  and  they  ended  as  well  as  any  of  the 
above.  It  may  here  be  remarked,  that  all  the  beans  were,  particulariy  for  that 
high  district,  heavy,  being  on  trial  toon  after  mowing  €6  to  66  lbs.  per  bu||ieL 

The  following  remarks  aie  (raite  as  interesting  as  any  thingeontained  in  tha 
eaEpaaamitn  nadn  this  yiwr^af  BanTtiwn  by  Mr.  J^MBlag's  tkilftd 


oreneer.  TKer  ate,  f  believv,  the  irat  sffdemtUU  series  of  olMemtions  of  the 
siad  yet  published.  They  an  Taluable,  therefore,  as  the  first  steps  ia  the  line 
o( prolonged  obsexrations  upon  the  same  land  made  diuine  successive  seasons, 
by  which  prolonged  observations  only  can  we  hope  to  euminate  the  effect  of 
our  Tariable  seasons,  and  to  arnve  «&  true  deductions  in  regard  to  the  kind  and 
amount  of  efiect  which  this  or  that  manure  is  fitted  lo  produce. 

I  do  hope  that  Mr.  Gardiner,  who  is  ci^Mible  of  ooserring  so  well,  and  of 
experimenting  so  accurately,  will  not  lose  the  opportunity  which  the  preseot 
year  will  afford  him  of  continuing  these  important  obserratiens: — 

1^.  Top-dressincs  upon  hay,  Covenlea  field  (see  Appendix,  p.  Vi).  On 
looking  over  this  &ld  at  diffeient  times,  and  particularly  early  last  spring,  the 
square  on  which  nitrate  of  soda  and  b<Mies  mixed  bad  Wen  sown  was  earlier, 
and  of  a  daricer  green  colour,  than  any  of  the  rest  of  the  field,  and  when  stocked 
with  cattle,  the  portion  top-dressed  was  more  relished,  and  consequently  always 
eaten  ouite  bare. 

2°.  Upon  part  of  the  pleasure^pound — soil  a  xm  stiff  blue  day — nitrate  of 
■oda  was  sown  at  the  rate  of  Iw  lbs.  per  acre.  After  this  apphcation  whita 
clover  came  up  very  thick  and  strong,  and  it  was  cut  three  different  times  with 
the  scythe,  ana  each  time  it  came  up  stronger  and  thicker  than  the  surrounding 
grass,  whilst,  before  dressing,  it  was  the  weakest,  and  this  season,  184^  it  ia 
better,  and  the  portion  dressM  still  easily  distinguislied. 

3^.  The  field  at  Crook's  fiutn  (see  Appendix,  p.  17),  which  had  been  top* 
dressed  with  nitrate  of  soda  applied  on  each  alternate  rioge,  on  being  ploughed  up 
finom  hay  stubble  was  founa  tougher  upon  the  dressed  ridses,  the  grass  root* 
being  stronger  and  deeper  in  Ute  soil  of  those  ridges  which  bad  been  dressed. 

4^.  At  p.  31  of  this  Appendix  an  experiment  upon  moss-oats  is  recorded. 
This  was  sown  down  witn  a  mixture  of  grass  and  clover  seeds,  and  cut  for  hay 
this  season,  184S.  In  examining  the  hay  crop  some  of  the  dressings  on  the  oats 
of  last  year  seemed  to  have  had  a  good  efi^t  on  the  hay  crop  of  this  year.  Not. 
1  and  2  were  the  worst  of  any;  No.  3  very  little  belter,  rather  morselover ;  No. 
4  excellent,  very  thick  of  rea  and  white  clovers  and  rye-erass,  and  the  hay  wan 
of  a  good  quality ;  No.  6  a^littic  beUer  than  No.  3,  but  &r  from  being  equal  to 
No.  4 ;  No.  6  tne  best  of  any,  fuU  of  red  and  white  clovers  and  rye-grass,  and 
had  throe-fourths  more  hay  upon  it  than  aH  the  others,  except  No.  4 ;  No.  7  not 
better  than  the  undressed ;  Nos.  6  and  4  presented  a  most  remaikable  appearance 
compared  with  the  others,  and  any  person  seeing  them,  and  not  knowing  the 
ctrenmsUnees  of  the  case,  would  nave  said  thai  these  two  portions  only  had 
been  cultivated,  whilst  the  rest  had  been  left  in  a  stale  of  nature.  Afler  being* 
cut  lor  bay,  the  aAermMh  of  these  two  portions  still  presented  the  same  difference 
of  appearance  in  the  award,  and  they  centtnne  of  a  better  colour. 

A.  F.  GiRDiNxn. 
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However  valuable  the  above  experimenU  may  be,  and  however  interesting 
the  lesulu  to  which  some  of  them  may  appear  to  lead,  it  ia  of  importance  to 
bear  in  mind — 

1°.  That  they  are  the  results  oo^  of  a  aini^e  season,  and  that  a  remarkaUy 
dryone. 

iP,  That  they  show  the  effect  of  the  substances  employed  in  certain  localitiee 
only— the  locahties  differing  in  the  natufc  of  their  soil — ^in  their  distance  from, 
and  height  above,  the  sea— and  in  the  average  fall  of  rain  to  which  they  are 
subject. 

7P.  That  die  resvdts  are  obtained  by  trials  upon  certain  varieties  of  each  crop 
only,  and  may  not  be  obtahied  even  on  the  same  spots  with  other  varieties — or 
turnips  for  example,  of  potatoes,  oats,  vrheat,  or  barley. 

4^.  And  dial  other  cauaea,  not  yet  noted,  may  have  exieted  of  aulBoient  fint 
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ioeiiee  to  pief«nt  tlie  ezaet  mults  from  beiog  obtained  upon  m  npelitioii  of  tlit 
cnponineiiC 

o^.  Above  all,  it  mait  be  bome  in  miad  that  we  are  yet  in  the  first  infiwey  of 
aeounte  experimental  agriculture-^that  it  will  take  many  eareful  repetitions  of 
ofor  expeiiinenu  before  we  can  eliminale  the  eieets  of  the  seasons— of  the  altih 
tnde  01  our  fiurms,  their  distanee  firom  the  sea,  the  ftUs  of  ram  to  which  they 
are  subject,  and  the  kind  of  soil  of  whieh  they  consisL  In  the  mean  time  our 
most  cmfnl  deductions  must  be  oonsidered  as  partial  only,  and  as  opm  to  dmiM 
— «s  fiusts  by  the  combination  and  oomparison  of  which  we  are  hereafter  to  ar* 
live  at  more  general  troths. 

With  these  preliminary  obeenradons,  I  tnm  io  the  ezperimeats  themsel?e»— 

A. — The  experiments  uptm  turnips. 

The  first  series,  those  of  Lord  Blantyrs— eKoeptthegenaral  answer  that  sahmt 
substances  cannot  replace  Jarm^ard  maniir«--«fiord  no  yery  satjafactory  results. 
They  exhibit,  indeed,  some  striking  cireumstBnoes — such  as 

1^.  That  100  lbs.  of  salt  per  acre  may,  in  a  dry  season,  reduce  the  natural  or 
«naided  produce  of  turnips  one-half— and  that  the  same  weight  of  nitmte  of  soda, 
may  reduce  it  oae-lbttrth. 

v^.  That  in  such  a  season  as  much  as  16  cwt  of  rape-dust  per  acre  may  bo 
applied,  one-half  drilled  in,  and  one-half  as  a  top^iressiag,  witkotUpFodsidng  anf 
seiisible  benejU, 

3^.  That  the  same  may  be  the  case,  if  ei^tcwt  of  rape-dnst  be  dziUed  in, 
and  half  a  cwt  of  nitrate  of  soda  be  afterwards  appliea  as  a  topniremiag — 
while  if  the  same  weight  of  common  salt  be  used  as  a  top-dresaing  instMd, 
the  crop  will  be  inoreased  one-hal£ 

These  results  are  too  anomalous  to  be  considered  for  the  present  as  more  than 
accidental.  They  may  possibly  be  explained  either  by  the  different  degrees  of 
moisture  of  the  sereral  parts  ot  the  fieul  in  which  the  mixtures  were  applied— 
or  on  the  supposition,  which  is  very  probable,  that  in  the  concentrated  state 
some  of  these  saline  suikances  are  moremrt/itl  to  the  growing  plant  than  others. 
It  is  to  be  regretted  that  the  season  was  ao  unnropitious  to  this  series  of  experi- 
ments, for  though  the  following  experiments  of  Mr.  Fleming  afford  some  valuiabla 
information,  nuther  knowledge  sull  is  wanted  in  regard  to  the  relative  effects  of 
different  saHne  suJbstances  upon  the  growth  of  tumipSj  where  no  fermentible  ma- 
nure  is  applied. 

4^.  In  tnese  experiments,  a  striking  contrast  is  presented  between  the  effects 
of  rapenlust  and  those  of  guano.  16  cwt.  per  acre  of  the  farmer  gave  only  3| 
tons  of  turnip  bulbs,  while  3  cwt.  per  acre  of  the  latter  gave  5  tons.  It  appears, 
therefore,  that  rape-d^tst  requires  moist  weather  or  oecaswnal  rain,  whSe  gwsno^ 
even  in  very  dry  seasons,  will  produce  a  considerable  effecL  This  is  consistent  with 
what  we  know  of  the  employment  of  the  latter  substance  as  a  manaxe  on  the 
arid  plains  of  Pern. 

n.  The  next  fowveriea  of  ezpeiiments,  those «f  Mr.  Fleming,  are  rich  in  in- 
sults and  suggestions. 

1^.  LifMis  of  error. — The  first  observation  which  a  careftxl  examination  of 
ihem  will  lead  the  reader  to  moke — and  it  appears  to  me  to  be  a  very  important 
one  in  reference  to  all  future  experiments  of  this  kind— is  suggested  by  the  se- 
cond series— ^ose  npon  early  yellow  <«r»tm,  p.  44. 

In  this  series  there  are  included  two  plots  ^Nos.  5  and  t8),  upon  which  no 
manure  was  used.  Upon  one  of  these  the  proouee  amounted  to  Iv  tons  17  cwt, 
upon  the  other  to  11  tons  8  cwt  only — being  a  differenee  of  1|  tons,  or  one- 
eishth  of  the  whole.  This  difference  between  two  equal  portions  of  the  same 
ftmd,  apparently  similar  in  soil,  could  scarcely,  1  think,  have  been  anticipated, 
and  it  shews  that — where  the  produce  obtained  by  the  appUcation  of  Imo  u/nJl^ 
flMMtfVf,  io  this  tmmip  crop,  does  not  diger  mon  than  1|  tonsperaare^  the  effocU 


oiflTereDoe  may  hare  arisen  from  the  unlike  oualities  of  the  two  plots  «f  faoM!,  to 
Vhteh  the  nanmies  won  VMpeotively  appHea. 

This  is  an  important  nraotieal  nde  tN'  SRnblinf  ns  to  judge  aeenralely  m 
n^ard  to  the  true  effect  or  the  several  maaiates  employed  in  the  series  ef  experi- 
ments (p.  44)  (efened  ta,  but  the  fiict  itself  suggests  also  sn  important  modi*- 
aation  in  the  mode  of  condHcting  aH  similar  eomparatite  oKperimenia  in  fiiture. 

In  mv  pverioiMly  miUishad  Snggesboosi  I  have  leoommended  the  eectiiig 
apart  arMff  undreasad  portion  only  of  tbs  §M  on  whioh  the  trials  wen  made— 
eonsidering  that  the^  produce  of  this  portion  would  represent  the  avciwe  lertiiity 
of  the  whole  mdieased  nut  of  the  field.  But  these  eiperiaaema  of  Mr.  Flem- 
ing  seem  to  shew  that  this  opinion  cannot  safely  h§  entertained.  It  appeara  to 
be  necessary,  therefore,  in  all  future  experiments  from  which  accurate  deduc- 
tions are  intended  to  be  dnwn^iktU  two  undrenfedphtSj  at  teadj  siovJd,  in  cAck 
&ue,  be  measured  &%U,  and  ikeir  relative  produce  atcertamed^  in  order  to  aflbnl  a 
trust-worthy  average  of  the  unaided  fertiHtY  of  the  land. 

Svgj^eilian  L — For  the  deariog  up  of  this  point,  howerer,  it  wouM  be  Terr 
desirable  to  institute  a  series  of  weighings  of  the  produce  of  equal  portions  ^ 
land,  in  sereral  different  parts  of  the  same  field,  tne  whole  of  which  has  been 
tilled  and  manoied  in  the  same  wav.  This  would  throw  some  certain  and  sat- 
isftietofy  K^t  upon  the  amount  of  Tariation  which,  from  natural  causes,  may 
take  place  m  the  same  crop,  grown  upon  different  parts  of  the  same  field,  ana 
under  the  saaoe  eirenmstanoea.  We  should  thus  be  enabled  to  allow  for  the 
inftnenee  of  natund  causes  upon  the  ronilts  of  such  experiments  as  are  made^ 
with  the  view  of  dateiiniuiitg  the  true  action  of  th^  different  manures  we  apply. 

Suggestion  II. — But  if  some  slight  difference  in  the  soiL  which  the  eye  cannot 
detect,  be  capaMe  of  materially  afiecting^  the  natural  produce  of  the  unmanured 
parts  of  a  field,  it  may  also  be  sufficient  to  modify — ^that  is,  to  increase  or  to 
lessen — the  efleets  produced  br  the  saline  and  other  manures  we  apply  to  the 
different  paits  of  the  same  field.  It  suggests  itseb^  therefore,  as  the  roorepVu- 
dent  and  wary  course  of  experiment  to  cSess  two  plots  at  least  with  each  or  tho 
manures  whose  rriatiTe  Turtues  we  are  desirous  or  testine,  and  these  in  different 
parts  of  the  piece  of  land  upon  which  our  trials  are  ma&.  The  mean  produce 
of  the  two  or  more  plots  we  thus  dress,  compared  with  the  mean  produce  of 
those  to  yrhieh  no  dressing  has  been  given,  will  indicate  more  nearly  the  aTcr- 
age  effect  of  the  manure  we  ha?e  been  trying,  upon  the  given  soil  and  crop. 

The  reader  will  perceive  in  the  new  precautions  thus  indicated,  one  of  those 
practical  results  which  year  bj  year  win  necessarily  flow  fhiro  the  continuation 
of  the  train  of  inductive  experimental  research,  now,  I  hope,  fkiriy  entered  upon 
by  the  practical  agriculture  of  our  country. 

99.  €nutfi0.-— Among  the  other  experiments  upon  turnips  here  stated,  those 
upon  guano  are  the  most  praciieally  sucoessfiiL  Thus,  per  acre,  without  any 
farm-yard  manure 

3   cwL  of  guano  alone  gave  83  tons  8  cwt  of  Swedes  (p.  44> 

90  bushels^wwd-ashes  J  ^'"^  9  owt  of  ^sriy  Tidtow  (p.44>. 

6   cwt.  of  guano  alone  33  tons  15  cwt  of  ffhUe  Ofobes  (p.  46). 


3|  cwt  do.  90  tons   0  cwi.  of  Yellow  4- WkUe  mixed 

3f  cwt  do.  28  tons   0  cwt  of  Pur^-topped  YetUno  (p 

These  results  are  very  eratifying,  sines  they  seem  to  shew  that  for  the  turnip 
erop  this  light  and  portwls  manuve  may  be  siibstiuxted  whh  safety  fiw  frvm- 
yaid  dung>.  But  they  are  mora  gratifying  in  eonneelion  with  the  large  leductian 
which  has  lately  taken  plaee  is  the  price  of  this  substance.  In  none  of  the 
eases  above  mentioned  did  the  quantity  applied  exceed  5  tons  per  acre.  Thin 
<|uantity  may  now  be  purchased  for  three  guineas,  though  whra  these  experi- 
ments were  nnderuken  it  eost  X6  6s. 

b  is  JM  loMdl  iMUtw  cTesogMBiulaiioi^  that  this  impovtaiit  laduction  has  bsatt 
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mainly  bn)tig:)it  about  by  the  expression  of  scientific  opinion,  and  by  the  raadi* 
ness  with  which  various  persons,  manure-manafacturers  and  others,  have  put 
in  practice  the  suggestiens  contained  in  the  preceding  part  of  this  Appendix 
(p.  26),  for  the  formation  of  an  artificial  inixture  in  imitation  of  the  natural 
guano.  The  fear  of  competition  produced  its  natural  effect  upon  the  marlcet, 
and  led  the  importers  of  this  substance  to  content  themselves  with  a  smaller 
profit.  It  is  to  be  hoped  that  the  more  extended  sale  which  has  followed  the 
reduction,  will  leave  the  spirited  merchants  who  first  brought  it  into  the  counuy 
no  reason  to  regret  the  diminution  in  price.  The  benefits  which  the  practical 
i^culturist  derives  from  one  such  reduction  as  this  are  not  all  at  first 
nght  perceptible.  The  demand  for  guano  has  so  greatly  lessened  the  call  for 
rape-dust,  that  it  has  also  fallen  in  price  from  jC8  to  jCS^  IDs.  per  ton.  Thus 
ramified  and  extended  are  the  results  of  a  single  chemical  investigation — or  the 
publication  of  a  single  ^ell-founded  scientific  opinion. 

3^.  Artificial  Chtano. — In  connection  with  this  subject  it  is  important  to  as- 
certain to  what  extent  the  attempts  to  manufiicture  a  substitute  for  the  natural 
guano  have  been  attended  with  success — in  %o  far  as  the  turnip  crop  is  concern- 
ed. The  only  comparative  results  which  the  above  ^periments  present,  are  the 
following — ^those  upon  Swedes  being  obtained  by  the  use  of  i  cwt  of  eadi 
mixture,  those  upon  the  yellow  and  white  turnips  by  the  use  of  5  cwtof  each: — 

Swedes.  Barij  Yellow.  While  Globe. 

1®.  Nothing  .        .-    .     12tons5cwt.    12tonsl7cwt.   — tons — cwt, 

3<>.  Natural  guano        .        .    23    "    8     '      '^^    "      '^    "      —     -      -     - 
3°.  Barochan  artificial  guano   17    "14 
4^.  TumbuU's  artificial  guano  14    *'  11 

These  results  show  that,  when  eaual  quantities  are  employed,  equal  results 
are  not  obtained  from  the  natural  guuno  and  from  the  artificial  mixtures* 
It  also  appears  that  Mr.  Fleming's  mixture  is  much  more  efiicacious  than  that 
of  Mr.  Turnbull^  They  are  made  up,  with  some  modifications,  after  the  recipe 
(pven  in  the  preceding  part  of  this  Appendix  (p.  25^,  but  are,  no  doubt,  suscep- 
tible of  improvement.  Ii  is,  indeed,  one  of  the  indirect  benefits  which  will  re* 
suit  from  the  introduction  of  this  foreign  manure,  that  it  will  stimulate  to  expe- 
riments, by  which  we  shall,  no  doubt,  at  last  successfully  imitate  it—and  will 
lead,  at  the  same  time,  to  a  more  general  and  thorough  understanding  of  the 
principles  upon  which  mixed  manures  ought  to  be  compounded,  and  of  the 
mode  of  preparing  them  with  the  greatest  possible  economy.  Many,  crude  mix- 
tures may  be  maSe  at  first,  by  dealers  in  manure  and  others,  and  many  instan- 
ces of  want  of  success  may  occur,  but  now  that  we  have  adapted  the  system  of 
ftcordi'ng  restiUs^  whether  apparency  svccessful  or  the  condrary^  there  is  little  feair 
9f»wr  arriving  at  icUisfactory  and  economical  truths  at  lasL 

Suggestion  III. — In  experiments  made  for  the  purpose  of  aiding  the  real  ad- 
vance of  scientific  agriculture,  I  would  suggest  thcU  no  mixture  shovld  be  used  of . 
which  the  composition  is  not  exartly  known — which,  therefore,  has  not  been  either 
made  by  the  experimenter  himself  or  by  some  dealer  upon  whose  honor  perfect 
reliance  is  to  be  placed.  The  use  of  the  random  mixtures  now  sold  under  so 
many  different  names,  however  successful  they  may  be  in  this  or  that  case,  can 
never  lead  to  the  discovery  of  useful  agricultural  principles,  and,  therefore,  are 
unworthy  of  the  attention  of  the  cultivator  of  inductive  experimental  agricuUure, 

4°.  Sulphate  pfdnimonia. — Thes*^  remarks  lead  me  to  notice  the  effect  ascrib- 
ed in  Mr.  Flemmg's  second  table  (p.  44),  to  sulphate  of  ammonia — one  cwt 
of  which  nearly  doubled  the  crop.    Thus — 

The  unmanured  soil  gave        .  12  tons  17  cwt. 

With  1  cwt.  of  sulphate  of  ammonia       24    "     II    " 

This  is  exactly  equal  to  the  effect  produced  by  15  cwt.  of  rape-dust  at  a  cost  of 
je6  lOs.  But  the  sulphate  of  ammonia  here  employed  was  that  prepared  by 
the  Messrs.  Tumbull,  of  Glasgow — which  is  not  merely  sulphate  of  ammonia, 
bm  a  variable  and  undetermined  fnir4/ure.    It  is  prepared  from  urine,  and  I  be* 


03  EZPSEIMfiNTS   C7P0N   TURNIPf.  [Afpendix, 

lieye  is  contaminated  also  with  a  considerable  proportion  of  saline  substaneoi 
arcificiAily  added  to  it  That  it  contains  many  substances  useful  to  plants  there 
can  be  no  doubt,  and  that  it  may  prove  a  valuable  manure  is  exceedin^y  pro- 
bable, but  under  ils  present  name  it  can  only  lead  to  false  deductions  m  expe- 
rimental agriculture — and  the  use  of  it,  therefore,  in  comparative  trials  such  as 
these  we  are  now  discussing,  ought  to  be  avoided.  It  is  only,  as  I  have  akeady 
said,  from  the  use  of  pure  substances  mixed  in  known  proportions,  that  valua- 
ble, because  undoubted,  conclusions  cim  be  drawn.  It  is  m  vain  co  attempt  to 
eliminate  the  effects  of  diversity  of  soil  and  climate,  if  new  causes  of  diversity 
are  introduced  by  the  very  substances  with  which  our  experiments  are  made;. 

5°.  Bonn  dissolved  in  muriatic  acuL — The  action  of  bones  is  not  in  geneial 
exhausted  in  a  single  season.  If  they  are  in  Uie  state  of  fine  dust,  they  decom- 
pose mora  quickly  and  cease  to  act  in  a  shorter  space  of  time.  By  dividing 
tliem  still  more  minutely,  or  by  solution  in  an  acid,  it  has  been  thought  that 
their  apparent  efficacy  might  be  increased.  Mr.  Fleming,  in  1841,  made  aome 
experiments  which  seemed  to  justify  this  conclusion,  in  the  present  tables 
other  results  are  exhibited,  which  favour  the  same  opinion.  I  place  together 
here  the  resulu  upon  potatoes,  as  well  as  upon  turnips,  for  the  purpose  of 
comparison: — 

Bone-dust.        Bonesin  muriatic  add. 

IBOWT.      J8CWT.     3CWT.     lOCWT. 

tons,  cwt       tons.  cwt.      tons,  cwt      tons.  cwt. 
Swede  Turnips      -^ .  14    17       —   —       --.    —        18    11 

White  Don  Potatoes  —    —         9    15        12    15        —    — 

These  results,  the  onl^  ones  contained  in  our  tables  which  can  be  compared 
together,  are  both  greatly  in  favour  of  the  dissolved  bones,  in  so  for  as  the  action 
upon  the  first  crop  is  concerned.  It  will  require  longer  observation  to  deter- 
mine in  which  fbrm  the  same  weight  of  bones  will  produce  tike  more  lasting 
effects — and  will  be  the  more  economical  on  the  whole. 

6°.  Nitrate  of  soda, — The  effect  of  1  cwt.  of  this  salt  per  acre  upon  the  early 
yellow  turnip  is  very  remarkable  (p.  44),  having  given  upwards  of  27  tons  of 
buihs,  at  a  cost  of  25s.  It  is  to  be  regretted  that  no  similar  experiment  is  re- 
corded upon  the  otlier  varieties  of  turnip,  either  by  Mr.  Fleming  or  by  Mr.  Al- 
exander. In  the  text  (Lecture  XV.,  p.  §35  to  p.  S43)  an  abstract  of  all  the  pub- 
lished results  hitherto  obtained  by  the  use  of  nitrate  of  soda  will  be  found  in  a 
tabulated  form. 

7°.  Lime. — An  interesting  result  in  Mr.  Fleming's  first  table  may  hereafto' 
lead  to  some  satisfactory  experimental  determinations  of  the  points  considered 
still  doubtful  in  regard  to  the  form  in  which,  and  the  time  when,  lime  may 
be  most  efficaciously  applied,  in  reference  to  the  culture  of  particular  crops.  H!o 
caused  carbonate  of  lime  and  caustic  (newly  slaked  7^  lime  to  be  sown  in  the 
drilU  without  manure,  and  tlie  effect  Upon  the  crop  of  Swedes  was  as  follows: 

Soil  unmanured 12  tons  5  cwt. 

Carbonate  of  lime,  20  bushels         .  16     **   11    " 

Caustic  lime,  50  bush  els  11      "     8    " 

The  immediate  effects  of  lime  applied  in  these  two  forms  was  very  different — 
the  caustic  lime  lessened  the  turnip  crop,  while  the  carbonate  incre^ased  it  by 
4 1  tons.  This  effect  most  probably  arose  from  the  lime,  in  its  caustic  state, 
taking  from  the  soil  the  carbonic  ana  other  organic  acids  from  which  the  roots 
in  the  early  infancy  of  tlie  plant  would  have  derived  a  portion  of  their  nourish- 
ment, and  tlius  retarding  and  stunting  tlieir  growth.  At  all  events  tlie  experi- 
ment seems  to  indicate  tnat  lime  ought  to  be  m  the  state  of  carbonate — the  mild 
state — more  or  leas  entirely,  if  it  is  intended  to  benefit  the  crop  to  which  it  is 
inirnediiitely  applied.  When  mixed  with  manure,  however,  where  vegetable 
matter  abounds  in  the  soil,  or  where  the  lime  is  merely  harrowed  into  the  sur- 
face—in all  which  cases  it  will  readily  become,  in  a  great  me.asure,  saturated 
with  carbonic  acid — the  skilful  farmer  will  understand  that  the  deduction  dnwn 
from  the  pfeceding  experiment  will  not  apply. 
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80.  Rapt-dusi.^Tht  rettdts  exhibited  in  this  year's  experiments,  "gaanXtY, 
an  not  to  fitvourable  to  the  employment  of  this  substance  as  was  to  be  expect- 
ed The  poason,  howeter,  is,  probably,  thai  which  has  akeadj  been  suggested 
in  discussing  the  results  obtained  at  Lennox  Lore — chat  rape-du$t  reauire$  a 
moia  tail  or  occasion^  ahow&n.  B«t  this  itself  is  an  important  probabU  deduction. 
The  reader  "will  €nd  a  eompatntite  tvew  of  the  whole  of  the  results  with  tiiis 
substance  in  the  text  (see  Lecture  XVII.) 

9^.  Ammal  Oareoal. — ^The  effect  ef  animal  charcoal  upon  Swedes  in  Mr. 
Fleming's  expetissenu  is  only  inferior  %e  tlmt  of  guano.  It  is  oeRainly  deserr* 
in^  of  iiirther  trials,  and  especially  in  comparison  with  what  is  called  exhenated 
ammal  charcoal — that  which  has  already  been  used  in  the  refining  df  sugar% 
in  France,  the  latter  is  said  to  be  preferred  to  the  fbrmer,  and  to  be  sold  by  the 
sugar  refiners  at  a  higher  price  than  they  pay  for  it  in  the  recently  prepqyad 
Slate. 

10®.  Otker  tnisud  manures. — In  regard  to  other  mixed  manures,  the  reader 
Will  find  much  practical  informadon  by  the  study  especiaAy  of  No.  3  of  Mr. 
Fleming's  tables,  p.  45 ;  and  of  Nos.  1  and  2  of  those  of  Mr.  Alexander,  p.  46. 
These  are  the  more  worthy  of  the  attention  of  the  practical  man,  since  Mr  Flem- 
ing considers  himseb*  justified  in  remarking  as  the  general  result  dt  the  experi- 
ments in  p.  45,  tAat  any  of  tKe  mtxtvres  used  vfUl  in  Ms  land  produce  an  ave' 
rage  crop  if  lumips  atal^s  expense  than  farm-yard  mornirv.  This  is  the  kind 
of  result  which  it  ought  to  be  the  ambition  of  erery  prncdcal  man  to  woik  ow 
for  himself  upon  his  own  land. 

IP.  Slzt  and  weight  of  InUbs. — There  remains  only  one  other  topic  in  con- 
nection with  these  experiments  to  which  space  will  permit  me  at  present  to  ad- 
vert. In  the  remarks  ooon  the  table  instiSad  ia  p.  44»  it »  stated  tfluft  the  tor* 
aips  on  the  plots  dressea  with — 

Ghiano  and  wood-ashes — were  pr^-^miment  far  nx9  oftmilm. 

Sulphate  of  ammonia— r/arif^  in  bul^  hut  irM%,  amd  f^Al  in  vfeiglU, 

Potash  and  lime,  salt  and  lime,  salphaie  or  magnesia,  Mcrate  of  sodar--«iNa8 
in  buibf  but  firm  and  soUd, 

Bone-dust  and  the  artificial  gwnws^boih  containing  bones  'ike btUbt  firm 
ani  solit,  but  not  remarkadU'  in  size. 

Now  upon  the  solidity  of  the  bulb— other  thincs  being  equal^Ht  may  be  pre- 
snmed  that  the  reiatire  nourishing  properties  of  oiiTefent  sp«cies  of  turnip  will 
materially  depend.  The  quantity 'of  water  which  difierent  specimens  of  the 
same  variety  of  turnip  contain  raries  Aom  79  to  91  per  cent.*~that  is,  some  tvr- 
nips  of  the  iOfou  spedcs  contain  onl§  four-fiftks^  whUe  others  contiUn  upwards  of 
nine-tenths  of  their  %^ght  vf  tpa^.  In  other  words,  the  same  Tariety  of  turnip 
may  contain  such  unlike  quantides  of  water,  that  3  Ions  grown  on  one  spot 
may  not  contain  more  than  1  ton  grown  in  another.  TytewMht  afbuibs^  thers- 
ibre,  is  no  safe  criterion  of  the  quantity  of  fi>od  raised  on  different  parts  of  ths 
same  field — ^whers  the  general  tfeatntoni»  or  the  substances  applied  U>  aid  the 
growth,  have  been  different. 

Now  in  the  above  experiments  the  guano  gave  33  tons  of  very  Unrge^  the  sol- 
phats  of  ammonia  34  or  soft,  and  the  nitsaia  of  soda  ST  ot  small  and  aoUd  bulbs. 
It  is  probable,  therefore,  that  the  actual  quantity  of  food  tnissd  by  the  aid  of  the 
nil^ote  of  soda  was  much  greater  thapt  even  by  the  natural  guano.  It  may  alsa 
bare  been  that  the  14^  ions  of  solid  bulbs  given  by  the  sulpbaie  «f  oia^nesiav 


or  the  I2|f  raised  from  the  land  without  oBmin  at  all,  mav  ha^s  contained  a» 
much  nutriment  as  the  34  tons  of  soft  bulbs  raised  by  thie  sufplmte  of  ammonia. 
Suggestion  IV. — The  bare  possibility  of  sueli  a  eirevmslanoe  as  the  last, 
•hows  how  Uttle  absolute  confidence  we  can  place  in  the  numerical  results  as 
yet  obtained,  considered  os  evidences  of  the  greater  or  less  amount  of  foody  whieh 
the  use  of  this  or  that  kind  of  manure  will  enable  us  to  mise  fipom  a  giten  ex* 
tent  of  land.  It  suggesu,  also,  the  necessity  of  a  further  determination  of  the 
relative  quantity  of  water  eontained  in  our  axparimewal  tiimif»  ccops.  Thin 
win,  without  dimcttlty,  be  effcotad  by  selecting  three  or  fimir  turnips  or  dififaranft 
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^tuBM  from  Moh  Honple— rattiiig  a  dioQ  ftvm  «itjMr  nde,  aad  one  flon  tlM  nid- 
dld  of  eadi  tumip-^welghing  the  whole— drying  them  then,  firet  in  the  air, 
•AerwutU  before  a  gentle  fire^  and  liwtty  in  an  oven  oo  hot  as  not  to  brown  while 
paper  or  diy  floor,  and  then  weighing.  The  loea  being  the  weight  of  the  wckv 
m  the  tumipe.  wiU  enable  the  expenownter  to  determine  the  xelauve  qvmtitiM 
of  food  raiaed  upon  hia  different  ploti^  and  therefiire  the  ratative  Talne  of  hia 
diflferent  applieationa  or  methods  of  eultoro. 

In  tfaia  su^^eedon  the  reader  will  perceive  another  of  thoae  pfecantiofia  Whidi 
the  proeecutum  of  oar  ezperimeotal  inquiriea  ronden  no  wary— /oture  jeara 
will  eu^geat  othera^bot  the  increaee  of  llouble  will  not  delcr  the  sealoae  la- 
bourer tn  this  important  field— for  the  more  precautioDsanddiiiciiltieamiiltipllry 
the  greater  the  honoiur  will  be  to  thoas  who  by  peneretanea  aball  anccwemliy 
overcome  them. 

B.-^Tke  Bxperiments  upon  PokOoa. 

Nearly  all  the  ezpeiimenU  in  the  fint  table  of  resolts  (p.  48)  were  made  witli 
mixed  manures.  . 

1^'  Chtano  and  rape^nU.'-^Among  these  the  effect  of  guano  la  Again  striking^ 
and  Upon  two  of  the  varieties  greatly  exceeds  that  of  rape-dust.  Thus,  the  pro- 
duce of  the  three  varieties  uiedwas— 

White  Doa.  Red  Don.  Comnagbl  Cups. 

Unaided  soil  .        .        .    1  tons  1  cwt.        6  umM  15  cwL        5  tons  15  cwL 
With  3  OWL  guano.        .  18    "      9  "        —    ««     —   "       ^    "      -•   « 
With  4 cwt. guano.        .-"—•«        14    "      6   "        13    "      14    •• 
With  I  ton  <S rape-dust.  IS    "      6  "        10    "       0   "        13    "       0   " 

We  are  not  enabled,  by  the  experimenlB  before  os,  to  coonpaie  iu  effect  with 
that  of  farm-yard  manure. 

A  curious  question  sugaeita  itaelf  upon  the  inspection  of  the  above  numbem 
—one  which  could  soarM^  have  arisen  in  our  mmda,  had  not  diffeveneps  such 
as  the  above  presented  themselvas  aMng  the  results  of  our  experiaeatt. 
Nothing  is  more  common  than  to  ask  which  of  seteral  varieties  of  potato  is  the 
more  prolific— and  a  ptaotieal  osan  who  has  oaade  the  triol  has  no  dificahv  ia 
giving  an  immediate  answer  to  the  queotion.  But  the  experiments  of  Mr.  Flem- 
ing seem  to  aay  that  Ou  rtLoHmwrnghiof  cfwp  ffiMed  bff  each  tf  hto  w  more  tM« 
Tidin  of  polatOf  ilepends  imm  ike  tooy  in  wkuk  jme  (feat  or  mammre  ikem.  With 
one  treauneat  a  variety  (A),  with  another  a  variety  (B),  will  give  the  heaviesC 
uiop.    Thus,  o«r  three  vanetiea  gave  with^ 

Whhelton.  RwlDon.  OomMll|ti«Ciipa. 

Natural  guano   .    18  tons    9'CWt      14  tons    6  cWt.        13  tons  14  cwt 
Rapeldust  .        .    19    "      6  •*  10    "      0    "  IS    "      0    •• 

Both  subetanoes  agree  in  saying  that  the  white  is  considerably  more  prolific 
than  the  red  Don.  But  while  the  guano  adds  that  both  Dens  are  more  prolific 
then  die  Cbtfe,  the  rape-dust  mnounoes  the  latter  variety  to  be  superior  to  either 
of  the  former.  Now  it  may  have  happened  lint  in  the  fast  case  of  the  three,  (he 
rapeidiist,  ftom  some  cirenmstanee  not  noticed,  may  have  acted  better  than  in 
the  other  two  eaaea,  and  that  in  this  way  the  discordance  may  have  arisen.  Un- 
fortunately, however,  there  are  upon  record  no  other  expenments  made  ufion 
amr  two  of  the  vanetiea  of  potato  with  other  substances  used  in  like  proportion 
— «y  which  diis  question  might  have  been  in  some  measure  solved.  But  the 
inieresung,  and  aa  it  may  hereafter  ^rove.  important  inquiry  suggests  itself— 
whtuis  the  order  rf  reUUtPe  pmrfmfietfiiMf  ef  the  teveral  varieties  eftke  same  cnlH- 
vatedpUmf,  when  thew  me  teveraUf  drttsed  ar  manvred  with  this  or  with  that  suh- 
ttrnnee?  This  question  wiH,  no  ooaht,  hereafter  lead  to  extended  series  of  venr 
reined  experimental  inquiries,  ftom  which  not  only  much  knowledge  but  much 
practical  benefit  may  be  derived. 

Suggestion  K— It  may  be,  for  iastanee,  that  a  given  variety  of  potato,  turnip, 
oat,  bariey,  Aol,  ia  mete  valuaUa  aa  fiMly.0Kife  agreealhla  to  the  taste,  or  bringjl 
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a  better  prire  in  the  iiMTlcet-<»but  by  flie  ordiiuuy  modes  of  caltura  U  the  leaeC 
prodttetive  of  those  generaUy  cultirated.  It  would  then  be  not  only  an  intcikeei- 
uig,  but  an  important  economical  question  to  ask— ^ould  this  rariety  be  render- 
ed more  productiTe  by  a  different  mode  of  uneatmentr-^one  espeeiaJly  adapted  to 
its  own  nature  1  Would  the  practical  man  not  rejoice  to  think  that  such  a  result 
oould  be  brought  about  by  the  aid  and  sug^gestions  of  science  1  Yet  this  is  tho 
result  to  which  the  refined  series  of  experiments  suggested  by  Uie  question 
above  proposed  may  possibly  lead. 

May  I  venture  to  hope  that  some  of  my  more  zealous  readers  will  be  induced, 
daring  the  present  or  succeeding  summer,  to  make  trials  of  the  relative  effects 
of  the  same  saline  or  other  known  substances  and  mixtures,  upon  differant  varie- 
ties of  the  same  crop — of  potatoes,  turnips,  wheat,  ^c,  in  circumstances  other- 
wise equal,  in  some  such  form  as  the  following : 

Variety  A»         Variety  B.  Variety  C.        Variety  D.  Variety  E. 

Substancet.  Bubntancet.  Subatonces.  Bobataneea.^  Subatanoes. 

1.  I  B.  I  C.  A.  I  B.  I  C.  ^«  I  B.  I  C.  A*  I  B.  I  C.  A*  I  B.  I  C. 

The  results  if  carefully  ascertained  are  sure  to  lead  to  good,  if  they  should 
not  be  successful  at  once  in  solving  the  problem  abore  proposed. 

3^.  SolidUy  and  size  of  ihe  potatoes. — Nodiing  is  said  in  the  observation  of 
Mr«  Fleming,  or  his  overseer,  in  regard  to  the  size  or  solidity  of  the  different 
Varieties  of  potato,  or  of  the  different  samples  of  the  same  variety  on  which  the 
experiments  were  made.  Yet  in  connection  with  tlie  remarks  1  have  already 
offerad  upon  these  qualities  of  the  turnip,  it  is  proper  to  add  that  the  potato  is 
subject  to  similar  variations  in  the  proportion  of  water  it  contains — and,  there- 
fore, in  the  relative  amount  of  nourishment  capable  of  being  afforded  by  equal 
Weights  of  its  diffeient  varieties. 

Some  potatoes  contain  less  than  70,  others  upwards  of  80  per  ccnL  of  water, 
so  that  while  100  tons  of  one  sample  will  give  only  20  tons  of  nourishment,  ths 
same  weight  of  another  will  give  30  tons,  or  one  half  more.  In  general,  such 
as  grow  on  heavy  or  clay  soils,  or  such  as  are  less  hpe,  contain  the  most,  while 
those  which  have  been  planted  upon  sandy  spots,  or  are  fully  ripe,  contain  the 
least  water.  But  the  effect  pro<:Iuced  by  different  soils  we  oegin  now  to 
see  may  be  produced  by  different  methods  of  dressing  or  medicating  our  crops 
also. 

Suggestion  VI.  — Tt  would  be  interesting  to  determine,  therefore,  by  actual 
expenmei^  the  relative  proportions  of  water  contained  in  the  produce  of  the 
several  experimental  patches  of  potato  ground  upon  tho  same  field,  when 
equally  ripe,  or  when  dug  up  on  the  same  day.  This  would  afford  us  the 
means  of  approximating  still  more  closely  to  the  true  economical  action  of  our 
different  manures  upon  the  potato  crop.  It  may  turn  out  that  in  certain  cases 
the  increase  of  produce,  as  indicated  by  a  greater  weight,  is  only  apparent, 
while  theincreased  amount  of  food  raised  may  in  other  cases  be  considerable, 
though  the  balance  indicates  no  increase  of  weight. 

Did  we  know  the  relative  proportions  of  water  in  the  several  samples  of  the 
three  varieties  of  potato  raised  by  Mr.  Fleming  by  the  aid  of  guano,  and  of 
rape-dust,  already  compared  together,  our  conclusion  in  regani  to  their  relative 

froductiveness,  when  treated  by  either  substance,  might  bo  materially  altered, 
hope,  therefore,  that  this  point  also  will  hereafter  arrest  the  attention  of  some 
of  our  experimentalists. 

4°.  Permanent  effects  of  saline  manures  on  the  fuM/re  prodwiivenets  of  tht 
feed. — Recommending  to  my  practical  readers  a  careful  consideration  of  the 
effects  of  an  admixture  of  wood-ashes  with  the  several  dressings  applied  to  the 
turnip  and  potato  crop,  I  pass  on  to  tlie  two  following  series  of  experiments 
with  saline  manures  upon  the  potato  crop,  ns  given  on  p.  49.  These  two  series 
are  well  conceived,  and  the  results  very  instructive.  Of  thcee  results  the  one 
which  seems  to  me  most  deserving  of  tlie  attention  of  the  practical  man  is  oon^ 
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tuned  in  a  few  woHb,  thrust  in  as  it  were,  among  Uie  remaiks  appended  to  the 
table  (i^)  P>  49.)  In  the  later  printed  copies  I  have  caused  them  to  be  pat  in 
iUUics,  wiui  the  view  of  bringing  them  into  notice.  If  the  reader  will  turn  to  p. 
90  of  this  Appendix^  he  will  find  a  remarkable  experiment  recorded,  in  whicn, 
by  top'dressmg  weU>manured  potatoes,  with  a  mixture  of  |  of  nitrate  and  |  of 
sulphate  of  soda,  the  enormous  crop  of  30  tons  an  acre  was  obtained  from  the 
small  plot  experimented  upon.  Some  of  these  potatoes  were  kept  for  seed,  and 
planted  alongside  of  others  of  the  same  variety,  which  had  not  been  so  drosed, 
and  the  result  is  stated  in  the  few  words  above  referred  to—"  'fiese  hist,  under 
Ui£  same  Ireaiment  in  every  respect,  did  not  produce  so  good  a  crop  by  15  bifUs  (3| 
tons)  ffcr  acre" 

•  In  so  far,  therefore,  as  this  experiment  is  to  be  relied  upon — ^for  we  must  not 
be  hasty  in  drawin<s^  general  conclusions — it  appears  that  the  benefit  to  be  de- 
rived from  a  skilful  treatment  of  the  potato  plant  does  not  terminate  with  the 
greater  immediate  crop  we  reap,  but  exti^nds  also  into  future  years,  improving 
the  seed  and  rendering  its  nfter-culture  more  productive. 

Sugcration  VII. — This  idea  is  worth  pursuing,  wore  it  only  for  the  purpose 
of  making  out  the  possible  existence  of  so  important  a  physiological  law — ^now 
much  more  when  it  appears  so  pregnant  with  important  practical  results.  But 
thus  it  is  in  all  cases,  that  the  prosecution  of  experimental  research,  with  im- 
mediate reference  either  to  purely  scientific  or  to  purely  practical  results,  ends 
in  improving  and  benefitting  boUi  abstract  science  and  economicol  pracdce. 

I  am  unwilling  to  follow  ont  or  lo  reason  upon  this  possible  law,  as  if  it 
were  really  estabhshed ;  but  the  possibility  of  its  truili  appears  to  throw  light 
upon  such  questions  as  this-^why  the  seed  must  occasionally  be  changed  if 
large  crops  are  to  be  continually  reaped.  One  soil  may  be  adapted  to  ^ve  the 
plant  a  large  supply  of  this  or  that  substance  in  which  the  other  soil  is  com^ 
poi-atively  deficient ;  and  it  may  be  possible  to  medicate  our  sced-com,  while 
growing,  so  us  to  give  it  the  qualities  which  at  present  it  can  acquire  only  by  a 
chan^  of  soil. 

All  this,  however,  cai;be  only  determined  by  experimmt,  and  the  intelligent 
reader  will  nc^  fiiil  to  be  struck  with  tlie  i-emarkable  richness  of  these  fii-st  tnals, 
in  sugj^r^stions  for  future  carefully  condiie.ted  experimental  researchefs. 

5*^.  Hif»  should  saline  manures  la  appf'>rd  lo  Ike  pofafo  crop  ?-^Oughi  they  to 
be  mixed  witli  the  manm-e,  or  to  be  applied  as  a  top-dres.sing  1  Mr.  Flemine's 
experiments  do  not  fuUy  solve  this  question  ;  because  the  soil' on  his  two  fiefda 
was  very  unlike  in  quality.  Thus  with  manure  alonc  the  one  field  produced 
13  tons  15  cwt.,  the  other  only  8  tons  17  cwt  per  acre.  A  perfectly  autsfectory 
solution  of  the  question  can  he  obtained  only  by  ex|:>eriments  with  the  same  suo> 
stances,  upon  the  same  soil,  and  with  the  some  variety  of  potato.  Yet  the  experi- 
ments now  before  us  add  considerably  to  our  knowled^  upon  this  point,  and 
such  of  them  as  are  capable  of  being  compared  together  are  much  in  favour 
of  mixing  the  saline  sutstanoes  imth  the  mamtre.  Thus  applied  in  neariy 
equal  proportions  by  both  methods,  nitrate  of  soda,  sulphate  of  magnesia,  ana 
sulphate  of  ammonia,  gave  the  following  results : — 

FIRST  FIBLO. 

Top-dresmd. 
tons.    OWL 

Manure  alone 12      15 

Nitrate  of  soda lf»        0 

Sulphate  of  magnesia     ....     13        5 

Sulphate  of  ammonia  ....  14  10 
The  proportionate  increase,  therefore,  in  these  three  cases,  is  greatly  in  fiivour 
of  mixing  with  the  manure,  but  something  may  depend  upon  the  soil  and 
season ;  and.  therefore,  other  experiments  are  necessary  before  we  can  draw  a 
general  conclusion.  It  may  prove  that  some  act  better  when  applied  in  the  one 
way,  and  some  in  the  other. 
.   G°.  Sulphide  of  «Mia.— With  this  sobetanee  applied  in  either  way,  the  aingo- 
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Mixed  with 

mimu 

tons. 

cwt 

8 

17 

13  \ 

7 

U 

7 

13 

7 
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Iw  and  coDsHflDt  reauU  was  obtained  that  2  ewt  per  acre  caused  no  altcntioil 
whatever  in  the  weighi  of  the  produce  upon  either  of  the  t  vo  on  which  the  Hialft 
were  made.    0/  the  reapeetive  ^uaUUet  of  the  crops  notbins;  is  stated. 

7°.  SuJphaU  wiih  nUraU  of  soda. — The  above  result  with  sulphate  of  soda 
alone,  is  the  more  remarksble  from  the  known  elTect  ph>duoed  by  this  and  other 
sulphates  when  mixed  with  nitrate. of  soda.  This  year,  also,  the  mixture  of 
nitrate  with  sulphate  of  soda  added  one-half  (6  tons  per  acre)  to  the  crop,  a 
greater  proportionate  increaae  eTen  than  in  theeaperiment  of  l841,  which  gava 
an  increase  of  6  tOns  out  of  a  total  produce  or  30  tons  per  acre.  But  this 
season  Mr.  Fleming  haa  tried,  with  still  gnater  success,  a  nixture  of  1  cwt 
each  of  sulphate  of  magnesia  and  nitrate  of  soda,  the  produce  rising  by  the  use 
of  this  top-dressing  to  2S|  tons.  The  relative  effects  of  the  two  sulphates 
would  have  been  more  dearij  proved,  had  the  proportions  of  nitrate  of  soda 
^plied  per  acre  in  the  two  mixtures  been  the  same. 

6^.  Nitrates  of  soda  and  poUuh. — Another  interesting  fact  to  add  to  those 
alrerdy  registered  imon  the  relative  efficiency  of  theee  two  saline  substances,  is 
presented  in  page  49.    One  hundred  weight  and  a  half  of— 

i^itrate  of  soda  eave 16    tons* 

Nitrate  of  potash  gave .    .    » ,    I84  tons. 

This  difference  may  have  been  due  to  accidental  causes— or  the  18^  tons  of 
the  one  msult  may  have  contained  no  more  food  than  the  16  tons  of  the  other; 
but  the  multiplioation  of  accurate  experimenta  will  eventually  lead  us  to  the 
truth.  Apparent  failures  and  discordant  results  roust  not  discourage  the  pmo> 
tical  man.  By  recording  all  Urust-worthy  results,  the  light  will  almost  sponta- 
neously spring  up  at  last. 

9^.  Silvcaie  of  potasJt.'^'Dkt  results  obtained  by  the  use  of  this  substance,  and 
the  remarks  apjpended  to  them  (p.  50),  are  deserving  of  much  attention.  In  re- 
ference to  this  compound,  and  to  the  silicate  of  soda,  I  beg  the  reader  to  turn  to 
the  suggestions  contained  in  this  Appendix,  p.  40. 

10^.  Mixed  manures. — The  mixtures  in  page  50  will  no  doubt  be  imitated, 
and  by  those  who  can  obtain  them  o(  known  composition,  comparative  experi- 
ments may  be  tried  with  advantage  both  to  theory  and  to  practice. 

C'^The  Experimenis  yjpon  Barley, 

The  true  practical  value  of  the  experiments  upon  barley  will  be  shown  by 
placing  them  in  the  following  form : — 

Increase.  £   a.  d  Coat  per  bosh. 

Nitrate  of  soda  with  conunon  salt,  gave  5  bush,  for  0  17  6  —  3s.  8d. 
Sulphate  of  soda  with  sulphate  of  magnesia,  7i  bush,  for  0  15  6  —  2s.  Id. 
Guano  (at  25s.),        ....  17    bush,  for  3  180    •—    4s.  7d. 

Common  $aU,    .....  6   bush,  ibr  0    46    -*    Os.  9d. 

TombuU's  artificial  guano,  .  2   bush,  for  1    4  0    —  12s.  Od. 

The  cheapest  application,  without  doubt,  upon  this  soil,  is  common  salt 
At  half  the  above  price  guano  would  produce  the  barley  at  2s.  3d.  per  bushel, 
and  the  laiw  quantity  reaped,  together  with  the  value  of  the  straw  in  the  pi»- 
paration  ofmanure,  mav  satid^  many  that  either  guano  or  the  mixture  of  sul- 
phates may  be  used  witn  profit  It  is  a  further  recommendation  of  the  common 
salt,  however,  that  it  produced  the  heaviest,  while  guano  produced  (lie  lightest 
gram. 

From  the  experiment  with  nitrate  of  potash  no  result  can  faurly  be  drawn,  in 
consequence  or  the  great  drought  of  the  season  (see  Mr.  Gardiner's  remarks). 

D.-^The  Experiments  upon  Oats, 
1°.  Negative  effect  of  saline  manures.'^The  first  of  the  two  series  of  experi- 
ments above  recorded  Being  made  at  Lennox  Love— like  those  made  at  the  same 
place  upon  tumips-^rive  their  principal  interest  from  the  illustration  they 
afford  of  the  negative  effect  of  saline  manures  upon  the  oat  crop,  under  the  in- 
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tCdunkratioEL    TheundnwedpartofUKfidd  prodocedMbiulielipartten 
Ccmimoo  salt  dimiiiiabed  this  produce  bj  Bbualiels. 

Nitraieofwda .     i9%     « 

Saiphateofaoda.    , 15|     " 

Rape^luat 9       ^ 

Soot I8i     «* 

WlMledcirt  ofgtiaiiofaindUiapiod«ceto'70bMiiel8^  bnng  an  inereaae  of  16 
boshda. 

Thaaa  leanlta  aot  only  eonifm  AadodaodoDa  ivhkk  wo  iMn^e  abeady  diaws 
ikom  the  praoedin^  experunenta  upon  potatoea  and  tdmipa— chat  guano  will  aet 
oven  in  oor  drieat  aeaaona,  while  n^ie-diiat  leqafava  at  least  occaaional  rain— bnC 
thev  go  fiifther  in  ahawing  that,  like  the  aaline  avbatancea,  rape-diat,  and  even  SMtf 
vriu  tfuUeriaUf  dimi$uMk  &e  ooAerwp^iJIheteiUsnbe  disHngiasked  if  remarluMB 

2^.  Mm  oats, — ^The  ezpennenta  upon  roosa  oata  (p,  53)  ere  a  oominuatioa 
and  extension  of  thoae  of  1841  with  greater  attention  to  accaraey  in  thedetenni- 
nation  of  the  produce.  The  laat  column  in  the  table  speaks  for  itaelfl  The 
general  produce  of  the  field  being  43  bushels  per  acre. 

IncresM.         Coat  per  boah. 
Sulphate  of  ammonia  gsTe         ...         9  bnahels  fo.  3d. 

Sulphate  of  soda  With  nifirale  of  aoda  gave  18  bushela  la«  7d« 

Bones  in  muriatic  acid  eave  18  bushela  la.  Gd. 

Silicate  of  potash,  mixea  witfi  the  abore,  gore  83  bushels  2s.  Od. 

In  the  last  two  cases  the  straWf  which  is  usually  imperfed  in  oats  grown  upon 
moss  land,  was  strong  and  healthy.  It  is  obvious,  therdorfe,  that  all  these  expev- 
imenta  deserve  repetiuon,  though,  as  here  set  forth,  the  increaae  of  grain  by  Noow 
8  and  3  was  obtained  at  the  least  cost,  and,  therefore,  to  the  economist  will  ap« 
pear  most  important 

E. — The  Experiments  ivpon  Wheat. 
I.  Effect  ofdroiigkL — The  trst  series,  those  made  at  Lennox  Lote,  afford  in« 
teTeating  iilustmtions  of  the  effect  of  great  dionght  in  modifying  the  action  of  sa- 
line manures  and  of  mpe  dust,  upon  the  wheat  crop.  The  more  prominenC 
results  are  distinctly  brought  out  when  thrown  into  the  following  form.  Tha 
produce  of  tlie  undressed  part  of  the  field  being  47i  bosheU  an  acre,  (his  produce 
was  affected  by  the  several  substances  employed  in  the  following  manner: — 

Decrease  per  acre.    Increase  per  acrsk 
Common  salt,  1  cwt  .        .        .        .        li  bush. 


Sulphate  of  soda,  I  cwt 
Soot,  32  bush.    . 
Nitrate  of  soda,  I  cwt 
Rap»dU8t,  16  cwt 
Guano,  2  cwt.     . 


9i  bush.  — 

slight  — 

—  slight 

—  3^  bush.' 
^  I  bush. 


Thus,  the  nitrate  of  soda  and  (he  soot  did  no  harm,  though  the  drought  did 
not  permit  Uiem  to  do  any  good.  Common  salt  slightly,  aid  sulphate  of  soda 
largely  diminished  the  crop  ofgroin— while  of  these  four  subatances  the  sulphate 
was  tne  onl^  one  which  diminished  the  yield  of  straw.  Nitrate  of  soda  and 
soot  largely  increased  it 
'  On  the  other  hand,  euono  slightly  increased  the  yield  of  gmin,  and  rape-dost 
added  3|  bushels  to  the  natural  produce,  both  also  augmenting  the  weigh^  of 
the  straw  by  about  on»-tenth  of  the  whole. 

In  this  case,  then,  tlie  rape-dust  surpassed  in  beneficial  effect  the  natuial 
guano,  though,  as  we  have  already  seen,  it  proved  greatly  inferior  to  the  latter 
when  applied  in  similar  proportions  to  oats,  potatoes,  and  turnips. 

2®.  SuggestW7^  VIII. — This  fact  suggesfs  an  inJerrsling  inquiry.  It  is  known 
that  one  of  the  most  lucratiTs  modM  in  which  rape-dust  has  been  hitherto 
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ettployed  as  a  Mamiifo  has  been  in  top-dreaaing  the  Wheat  crop  (see  the  prece- 
ding part  of  thia  Appendix,  p.  19).  Uaa  it,therefore,  some  special  adaptation  to 
the  wheat  erop—wmch  will  account  at  once  for  its  comparative  faDure  upoh  oata, 
tomipa,  and  potatoes,  and  for  its  saperior  efficacy  to  guano  upon  the  wheat  crop 
— ^in  the  proportions  8tati*d|  and  eren  In  a  yery  aty  summer  1  The  comparatiTa 
efficacy  of  the  two  substances  applied  in  rarious  proportions  is  certainly  deserv- 
ing of  ibrther  investigation.  It  will  be  a  eain  not  only  to  practical  but  to  theo- 
leucal  agricukuie,  shoidd  it  be  eatabHsned  that  rape-dust  can  be  profitably 
applied  to  the  Wheat  crop,  in  eirennatanoes  when  it  would  be  thiown  away  upon 
oaia  or  tomipa.  By  turning  to  the  nejct  aenea,  that  of  Mr.  Fleming  (p.  54),  it 
will  be  seen  that  the  last  rouk  there  stated  is  alao  flivourable  to  the  action  of 
rape-dust  upon  the  wheat  oiop.* 

3^.  Muhtali^  cmaUtractmg  Vffmmoi  of  MWertnt  vmmtxm.^'Bni  another  curi- 
ous observation  presents  itself  in  the  table  of  Lord  Blantyrs's  results.  It  is  in 
the  apparent  atrnggre  between  the  good  and  evil  influenoes  of  the  rape-dust  on 
the  one  hand,  and  of  the  saline  sobstancea  on  the  other,  when  they  were  applied 
together  to  the  same  plot  of  wheat  (see  Appendix,  p.  19).  Thus,  when  appUed 
in  the  proportions  above  ataled— 

Ineresse.  DecreMe. 

Common  aalt  gave      .       •       »        .  -^  1|  bush. 

Rape-dust  cave 8|  bufh.  — 

OneJialf  of  each  gave  3}  bush.  ~ 

Or  ihe  naturtd  efed  of  the  rape^Mtt  was  lessened  one4hird  when  mixed  witk 
4Me  given  weight  of  common  taU,    So,  also— 

tncTtftso.  Pcrnwuo. 

Sulphate  of  sOda  gave        ...  —  9|  bush. 

Rape-dust  rave 3i  bush.  — 

One^half  of  each  gave         ...  —  3   bush. 

Or  the  influence  of  1  cwt.  ofsulphdOe  of  soda  for  evU  wa§  ono^lhird  groaterOum 
tkal  of  16  net.  of  rape^ust  fir  good-^in  the  given  circumstances  of  soil,  climate, 
and  crop.  This  result  which  at  present  aeeros  only  curious,  may  hereafter  lead 
to  the  establishment  of  interesting  truths  cnpable  of  practice!  application. 

Suppose,  for  instance,  that  upon  two  fields  rape^ust  were  appUed  to  the 
Wheat  crop  at  the  fate  of 46  cwt  per  acte,  and  that  the  one  field  contained  na- 
turally in  Its  surface  soil  the  proportion  of  sulphate  of  soda  employed  ixIAjobA 
Blantyre*s  experiment,  while  the  other  contained  none — then  in  the  one  case 
the  rope-dust  would  not  only  expend  all  its  influence  in  overcoming  the  tenden- 
cy of  the  sulphate  to  lessen  the  crop, — but  would  even  seem  to  do  harm  if  the 
produce  were  compared  with  that  of  another  field,  of  apparently  similar  soil,  • 
near  the  suriace  or  which  this  abtindance  of  sulphate  did  not  exist ;  while,  in  the 
other  case,  the  rape-dust,  having  no  counteracting  influence  to  overcoane,  would 
spend  itself  entirely  in  increasing  the-growth  of  ue  plant  and  the  final  yield  of 
grain. 

Or  suppose  an  artificial  guano  or  other  mixed  manure  artificially  prepared, 
to  contam  two  or  more  substances  which,  in  the  aoil  they  are  applied  to,  have 
a  tendency  to  produce  opposite  effects — the  one  to  mcrease,  the  other  to 
diminish,  the  amount  of  prodnee— the  effect  of  thia  conflicting  action  of  its 
component  substances  would  be  such  as  to  render  (he  mixture  of  less  efficacy, 
perhaps  of  no  efficacy  at  all— it  might  be  even  injurious  to  the  crops, — althoagh 
It  contained  substances  which,  if  applied  alone,  would  have  exhibited  a  power- 
ful fertilizing  action. 

These  two  illustrations  are  sufficient  to  show  the  kind  of  light  which  obesr- 
vations,  such  as  the  one  above  Mfvertsd  to,  may  hereafter  throw  upon  practical 
agriculture, 

n.  The  substance  of  Mr.  Fleming's  table  (p.  54),  may  be  thus  preaented. 

*  flee  also  the  sutasqaent^bssrvatloas  on  the  t9iHMMM<»  itfon  Ams* 
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The  unaided  prodQoe  of  the  eofl  was  25  buehde  a&  acre,  and  the  effect  of  the 

dftssings  83  follows: — 


Guano,  3  cwt.    .        *        .        .        4        .        <»      6   bush.  — 

Rupc-dust,  5  cwt,  sulphate  of  ma^esia,  |  cwt.  .      3|  bash.  ~ 

Sulphate  of  soda,  l}  cwt^  nitrate  of  soda,  |  cwt       1|  bush. 

Common  salt,  3  cwt —  3|  bush. 

Common  salt,  3  cwt,  dissolved  bones,  1  cwt     .         —  3   bush. 

TurnbuU's  aitiiicial  guano  produeed  no  senaiUe  eflEect 

Under  the  circumstances,  besides  being  fiivourable  to  guano,  the  above  1^ 
suit  is  al40  in  fiivour  of  the  mixed  sulphate  and  nitrate  of  soda,  which  we  have 
seen  to  operate  beneficially  upon  so  many  other  cuUivated  plants.-  The  entin 
crop  appears  to  have  been  injuied,  not  only  by  the  summer's  drought,  but  by 
the  severity  of  the  pneeding  winter. 

In  reeard  to  common  salt,  it  is  worthy  of  remark,  that  the  gmin  dreSMd  by 
it,  wheuier  oau,  barley,  or  wheat,  in  Mr  Fleming's  experiments  of  this  year^ 
has  been  always  heavier  per  buafauBl  than  any  of  the  other  samples  tried.  This 
accords  with  the  previous  resul'S  of  some  otner  Mtpefimeniers;  but  it  does  not 
agree  with  Mr.  Fleming's  observations  upon  the  wheat  of  1841.  nor  with  those 
of  Mr.  Burnet  for  1843,  and  therefore  cannot  yet  be  considered  as  a  universal 
consequence  of  the  application  of  this  substance  as  a  top-dressing. 

111.  'I'he  experiments  of  Mr.  Btunet,  of  Gadgirth,  have  already  been  partiaUy 
detailed  in  the  text  CLadure  XV  f.,  p.  362),  and  their  value  explained.  Thf^ 
are  important,  chiefly,  as  ehowing— 

1^.  Economical  mixtures. — That  mixtures  Can  be  prepared  which,  upon  soma 
soils,  surpass  guano  in  efficacy  and  in  economical  value,  at  its  former  prioe. 
The  price  being  now  reduced,  other  experiments  are  recjuired,  yet  still  the  less 
effect  of  guano  upon  the  wheat  ctpp  is  in  accordance  with  the  results  of  liord 
Blantyro.  A  wet  season,  however,  may  alter  the  numerical  relation  which 
these  results  exhibit  It  will  be  observed  that  here  also  TumbuU's  guano  pro- 
duced no  senrible  effect 

8®.  Effect  of  ioda.^Tht  efficacy  of  the  salts  of  soda,  whether  the  sulphatp, 
the  nitmte,  or  common  salt,  upon  Mr.  Burnet's  land,  are  alw  very  striking — 
half  a  hundred  weight  per  acre  of  either  producing  an  additional  increase  of 
about  10  bushels  of  grain.         ^ 

^^.  Yield  of  JUmr.-^lnto  his  tabulated  results,  Mr.  Bumet  has  introduced  a 
new  element,  and,  as  it  seems  to  me,  an  important  one  in  an  economical  point 
of  view,  namely,  the  qnamHty  of  fvne  flour  yielded  by  equal  weights  of  the  several 
samples  of  >?ra^  The  differences  presented  in  tlus  column  are  very  striking. 
Thus  100  lbs.. of  the  grain  reaped  fsom  the  plot  which  was — 

Undressed.  fi;ave 76|  lbs.  of  fine  (bur. 

Dressed  with  guano 68f  lbs.        " 

With  sulphate  of  anunonia 66|  lbs.        "  . 

With  sulphate  of  ammonia  and  nitrate  of  soda      .    .    ,    54|  lbs.        '* 

It  would  be  interesting  to  learn  from  an  experienced  miller  to  wltat  extent 
such  differences  affect  the  money  value  of  the  grain  to  the  manufacturer  of 
flour.  * 

4**.  Amount  o/^ittA?»i.— Through  the  anxiety  of  Mr.  Bumet  to  draw  as  much 
information  as  possible  firom  his  excellent  experiments,  I  am  able  to  present 
another  feature  in  regard  to  the  action  of  these  saline  and  other  substances  upon 
the  qitcdUf^  of  the  produce i 

It  is  known  that  the  quantity  of  gluten  contained  in  different  samples  of 
flour  is  very  unlike,  and  that  the  nutritive  property  of  the  flour  depends,  to  a  cer- 
tain extent,  upon  this  quantity  of  gluten.  It  has  also  been  stated,  as  the  result 
of  experiment,  that  the  erain  which  is  raised  by  means  of  manure  containing 
the  largest  quantity  of  nitrogen,  is  also  the  richest  in  sluten.  With  a  view  to 
these  questions,  Mr.  Bumet  tranamitted  to  me  a  pound  of  eaoh  of  the  samples 
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of  flour  (see  Appendix,  p.  6),  and  apon  ezaroination  I  Iband  them  to  contain 
the  following  proportions  of  gluten : — 

Wtter  p«r  eent.     CHttlaB  p«r  cent 
No.  1.  No  application 16-3  9*4 

2.  Guano  and  wood-ashes 16*15  9*3 

3.  Artificial  guano  and  do 16*8  9*6 

4.  Sulphate  of  ammonia  and  do 16*4  10-5 

5.  Do.,  do.,  and  sulphate  of  soda 15-7  9'7 

6.  Do.,  do.,  and  common  sak 15:7  9*6 

7.  Do.,  do.,  and  nitrate  of  soda 16*4  10*0 

8.  Tumbuirs  guano,  |Tp8um,  and  wood-ashes  .     15*3  9*1 
These  results  are  not  wiuiout  their  interest,  for  though  they  do  not  show  anj 

«frbttn^  difference  in  the  percentage  of  glaten,  yet  upon  the  whole  the  result  is 
in  favour  of  those  samples  to  which  the  sulpliate  of  ammonia*  had  been  ap- 
plied. One  of  these.  No.  4,  exceeded  the  undressed  grain  by  about  one  per 
cent.,  or  one-ninth  of  the  whole  gluten  it  contained.  Were  the  amount  of  inis 
gluten  alone  therefore  to  determine  the  feeding  quality  of  the  grain,  this  sample 
mi^ht  be  considered  as  considerably  the  most  nutriaous.  But  besides  the  re- 
latiye  proportions  of  fine  dour  which  they  severally  yielded,  there  are  other  im* 
portant  consideratioi)8  which  bear  upon  this  question,  and  must  influence  our 
judgment  These  considerations  it  would  be  out  of  place  to  present  among  the 
present  observations.  They  will  be  found  stated  in  the  text  of  the  Lectures, 
(XIX.,  p.  498  el  seq.)  where  we  treat  of  the  composition  of  wheat  and  other 
▼arieties  of  grain — and  of  their  respective  values  in  the  feeding  of  man  and  other 


F. — Tke  Experimenis  upon  Grass. 

I.  The  experiments  of  Mr.  Alexander  are  not  very  remaikableor  conclusivoi 
The  meadow,  which  was  drained  moss  full  of  timothy  grass,  gave  naturally  1 
ton  4  cwt.  of  hay,  whereas' the  one  dressing  raised  the  produce  to  1  ton  8  cwt, 
the  other  to  1  ton  11  cwt^  per  imperial  acre.    The  cost  is  not  stated. 

II.  But  those  of  Mr.  Fleming  are  very  interesting.  By  referring  to  page  17 
of  this  Appendix,  it  will  be  seen  that  in  1841  Mr.  Fleming  obtained  a  greatly 
increased  produce  of  hay  by  the  use  of  nitrate  of  soda.  He  informs  me  that 
in  making  the  present  experiments  he  was  desirous  of  again  testing  the  efficacy 
of  this  salt  upon  grass,  on  the  same  kind  of  land,  and  of  comparing  it  with  that 
produced  by  other  saline  substances.  He  selected  also  a  portion  of  the  same 
field,  on  another  part  of  which  the  trials  upon  wheat  had  been  made  in  1841 
(see  Appendix,  p.  19),  with  the  view  of  ascertaining  if  any  analogy  could  be 
traced  or  difference  detected,  between  their  action  in  1841  upon  wheat,  and  their 
efect  in  1 843  on  sown  grasses — ^ry^e-grass,  timothy,  and  red  clover.  Both  objects 
have  been  in  some  measure  attainra.  I  shall  first  present  a  summary  of  th« 
results. 

OF  BAY. 


The  undressed  soil  produced 
Sulphate  of  soda,  3  cwt 
Nitrate  of  soda.  1^  cwt 
Sulphate  of  soda,  1  cwt 
Nitrate  of  soda,  i  cwt 
Common  salt,  3  cwt  . 
Common  salt,  3  cwt  / 
Soot,  16  bushels  .  . 
Sulphate  of  ammonia,  1  cwt 
Guano,  li  cwt 


tons  cwt 
1      8 


IMORBASB. 
tODS  cwt 


3 
10 

7 

6 

13 

13 
18 


BBOBBASB. 
tons  C>^. 

0      5 


4 

5 
10 


*  It  win  be  borne  In  mind  tint  this  Is  ToraboU's  salpbate  of 
ie  fa  pi«e  M  ef  IMS  AppeadlB. 


•Irasdy  advsrtsd 


lAftembg, 


A  flHUaro  cimSau  of  potath  widi  g7i«Din  praduoed  bo  temible  eiac^ 
neither  did  Tombull's  artificial  gmno. 

1^.  In  thie  repetiiion  of  bis  experiment,  therefore,  the  nitrate  of  soda  on  si- 
milar land  a^B  increased  greatly  the  produce  of  hay — giviiig,  at  die  first  att» 
bar,  an  excess  of  upwaids  of  1  ton,  at  a  cost  of  3Ua 

v*.  Bat  on  eomparing  this  action  of  the  nitrate  npon  grass  with  its  action  in 
the  iame  field  the  prefious  year  upon  wheat — we  find  that  though  it  considem- 
bly  increased  the  crop  of  wheat,  vet  every  additional  bushel  rai^d  cost  1^  6d. 
as  the  phce  of  the  nitrate  added  to  the  land  (Appendix,  p.  19).  It  appean, 
therefore,  that  upati  soils  where  thenUrale  wU  net  paif  wken^pUed  io  wketU^  ii 
may  yet  pay  toed  wken  applied  to  grass. 

i°.  Again,  we  find  above  that  3  cwt.  of  conmon  salt  lessened  in  a  slight  de- 
gree the  crop  of  hay,  while,  in  1841,  1  i  cwt  increased  considerably  the  produes 
of  wheat  in  the  same  field— the  additional  grain  reaped  from  ihe  aahed  portion  oost;- 
ing  only  6d.  a  biTsbel  {d.  19).  It  wovid  appear,  therefore,  thai  m  sods  takers 
common  tall  can  be  projbably  used  npon  wkeil  it  may  do  v^ury  upon  kav.  Ths 
only  circumstance  that  renturs  this  deduction  less  safe  is  that  3  cwt.  of  salt  per 
acre  were  applied  to  the  grass,  which  may  have  been  too  moch  considenng  ths 
dryness  of  the  season. 

4^.  The  latter  remark  applies  also  to  the  sulphate  of  ssda  which  was  laid  on 
at  the  rats  of  3  cwu  per  acre.  A  less  addition  might  possibly  have  aided  the 
crop.  Yet  the  ncj^uve  iafluenoe  of  this  salt  seems  great,  smce  1 4  cwL  of  nitrate 
^tself  tending  to  increase  the  crop— was  unable  entirely  to  overcome  the  dimin- 
ishing influence  of  I  cwt  4»f  sulphate. 

But  the  reason  of  this  apparent  inefficiency  of  the  nitrate,  when  mixed  with  the 
sulphate,  is  in  some  measure  explained  by  the  remarkable  &ct,  that  on  both  of  Ike 
paUkes  to  which  the  sulphate  of  soda  was  applied^  the  grass  that  came  ttp  consisted 
almost  entirety  oj  md  fescuje  (restuca  Rubra),  though  rye  grass,  timothy^  and  red 
dover  were  the  only  grasses  sown.  The  sulphate,  therefore,  must  first  have  checked 
or  entirely  destroyed  the  grasses  which  had  already  sprung  up,  and  then  have 
incited  the  dormant  seeds  of  fescue  to  ^ermiBaie,  befi>ie  the  fertilixiBg  agency  ef 
the  nitrate  could  come  into  play. 

This  effect  of  the  sulphate,  should  it  be  confirmed  by  later  experimenu,  wiU 
establish  the  important  theoretical  principle,  that  those  substances  which,  when 
present  in  the  soil,  will  destroy  some  of  our  cultivated  grasses,  will  encourage  tho 
growth  of  others:  and  the  no  less  important  practical  truth,  that  saline  substan- 
ces exercise  such  a  special  action  on  the  several  crops  we  grow  that  we  may 
hope  to  discover  the  means  of  aiding  the  growth  of  Uie  one  or  the  other  at  pieor- 
sure,  and  it  may  be  at  Utile  cost 

Suggestion  /X— it  is  to  be  recolkeeied  that  in  the  case  of  Mr.  Fleming's 
field  it  may  have  accidentally  happened  that  the  seeds  of  the  fescue  particularly 
abounded  in  those  plots  to  which  the  sulphate  was  applied.  With  every  dis- 
position, therefore,  to  advance  as  rapidly  as  we  possibly  can,  I  think  it  better 
to  suspend  our  judgment  upon  this  point — umil  the  following  two  secies  of  ejt- 
periments  shall  have  been  made  in  two  or  three  difiTerent  localities : — 

a.  By  top-dressing  any  of  the  ordinary  grasses  sown — excluding  the  fescue* 
--on  four  or  more  plots,  with  i  cwt,  1  cwt,  2  cwt.,  and  3  cvrt  of  sulphate 
of  soda  respectively,  and  marking  tiM  kind  of  grasses  that  most  abundantly 
■pring. 

b.  By  sowing  half  an  acre  of  one  or  more  of  the  fescues,  and  especially  the 
Rubra,  and  noting  the  eliect  of  the  snipbttle  applied  in  similar  pioponions  upon 
as  many  patches  as  bdan. 

These  experiments,  it  is  obvions^  would  be  rendered  move  interesting  west 
nitrate  of  soda,  alone  and  mixed  with  the  sulphate,  tried  on  other  plots,,  and  on 
both  varieties  of  grass.  I  trust  Mr.  Fleming,  whose  educated  eye  enabled  him 
to  detect  the  inirresting  fact  in  question,  may  be  induced  himself  to  prosecute 
the  subicet  by  fimher  experiments. 

6<>.  Suggestion  A.— We  have  already  seen  in  the  aibove  jttini  aetion  of  thn 
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nkmtft  and  ro1t>Kate,  another  iDnatnition  of  the  kind  of  itniggte  itb  may  aappoM 
to  eo  on  between  rabetancee  tending  respeetiTelv,  Ihe  one  to  xnereate.  the  other 
to  diminish,  the  produce.  In  the  joint  action  or  Um  common  salt  and  the  eooC, 
when  applied  together,  we  hare  a  fturther  instance  ofdhe  same  kind— an  increase 
of  4  cwt  only  bem^  caused  by  the  application  of  16  bushels  of  soot,  when  ooii»> 
teraoled  by  an  admixture  of  9cwt.  of  oommon  salt  Applied  alone,  the  incnasa 
of  produce  would  probably  have  been  greater.  Will  any  one  undertake  ej^eii- 
iments  with  the  Tiew  of  Airther  bringing  out  this  interesting  mutualty-cooAteit- 
acling  influence  of  different  appUcationfl  1 

6^.  I  can  only  call  attention  to  the  large  yield  of  bay  naturally  obtained  from 
that  part  of  the  field  on  which  barley  dressed  with  bone-dust  in  1841  had  preri- 
ously  grown  :iMr.  Fleming  informs  me  that  no  sensible  difference  in  tho-produce 
of  hay  was  oOserred  between  the  undressed  part  of  the  field  and  that  upon  which 
the  drtssed  wheat  had  grown  in  1841,  though  the  crop  was  not  set  apart  or 
weiched,  as  we  might  wish  it  to  have  been. 

111.  Since  the  preceding  experiments  went  to  press  I  have  received  the  fol- 
lowing short  notice  of  triius  upon  hay  made  by  Mr.  Campbell,  of  Islay  :— 

"  It  is  very  difficult  to  set  the  tenants  in  our  wild  part  of  the  world  to  expend 
money  in  the  purchase  of  foreign  substances,  however  beneficial ;  and  for  this 
reason  I  have  been  induced  to  try  the  substances  mentioned  below,  because, 
with  the  exception  of  sulphuric  acid,  the  othere  are  to  be  ^i  in  abundance 
in  the  island — the  pigeons'  dung  may  oe  got  in  large  quantities  in  the  caves, 
sea- ware  on  the  shore,  and  lime  is  abundant  and  excellent  in  quality.  The  ex- 
periment was  made  thus— 

WBiaoT  IV  ponrDS. 
PTeah  cat  Drr. 

1.  Kothine 240  1^ 

3.  Pigeon  Dun^ 3l8  975 

3.  Sea- ware,  Lune,  and  Sulphuric  Acid  .    .    .      306  269 

4.  Lime  and  Sulphuric  Acia 293  256 

1.  A  field  of  about  ten  acres,  lately  improved  from  heather,  was  choeen ;  the 
field  was  well  drained  and  deep  ploughed,  so  as  to  raise  the  subsoil  (red  loamS 
with  the  moes.  On  its  surface  the  grass  was  sown  down  with  oat»--8  cwt  of 
each  substsnce  was  used  to  the  acre.  £if  ht  yards  square  carefully  measured 
from  the  centre  of  each  variety,  and  weiened  the  day  they  were  cut,  and  again 
on  the  day  they  were  put  into  stack.    The  hay  was  fhlly  ripe  when  cut 

2.  The  pigeon  dung,  which  looks  like  peat-dust,  was  laid  on  exactly  as  it 
was  taken  from  the  cave. 

3  One  ton  of  lime-shells  was  mixed  with  12  tons  fresh  sea-ware ;  after  beinc 
twice  turned,  the  whole  of  the  sea- ware  was  consumed,  leaving  only  small  blacE 
particles  mixed  with  the  lime :  the  bulk  was  reduced  to  five  large  carts  f  not 
weighed) ;  4  galls,  sulphuric  acid,  mixed  with  400  galls,  of  Mrater,  were  added  to 
the  powdei^— a  violent  fermentation  took  place,  and  the  bulk  was  fririher  re- 
duced about  an  eighth. 

4.  A  ton  of  lime-shells  was  prepared  according  to  your  recommendation- 
■lakine  the  lime  widi  the  dilute  acid. 

N.B.  One  measure  of  this  lime  in  shells  gives  three  and  a  half  in  powder." 

G. — The  Experimewts  wpon  Mixed  Crops. 
Mr.  Alexander's  experiment  opnn  a  field  of  mixed  oata,  beans,  and  peas,  it 
very  deserving  of  notice,  and  will,  I  have  no  doubt,  be  repeated.  Not  only  did 
the  mixture  or  gypsom  and  common  saH  i%aream  the  altimateproduco^but,  as 
Mr.  Alexander  says,  U  acUd  Uke  mii^fifl— imparting  1^  and  vigour  to  an  app*- 
mntly  dying  and  worthless  erop. 

H. — The  Expervments  upon  Beans, 
I.  The  principal  fiictof  importance  in  the  experiments  of  Mr.  Alexander  m 
4h*  cCm  be  ibondhia  miimniaf  gypaum  awi9Mmi»on  aaU  to  piod^ 


hmoMtnmwkmalnmdifmJUwtr,  ThisitttioUierof  thoMMvandpnelieal- 
ly  ▼aluable  obsenratioos  which,  year  by  year,,  are  sure  to  present  theinaeli«a  to 
our  obsenring  experimenters  as  uieir  ioductiTe  researches  are  oonuooed. 

IL  I  am  happy  in  being  able  to  introduce  here,  though  it  reached  me  too  late  far 
insertion  among  the  other  tables,  the  following  digest  of  resulu  opon  beans,  ob- 
tained upon  Lord  Blancyre*s  fivm  at  Lennox  Love.  The  object  of  thea  was 
to  ascertain  tke  relative  effect  of  ctriaifk  saiiiu  mamutt^  and  of  rap€-dusi^  ami 
guano,  upon  beans,  afUr  a  crop  ofoaU. 

Experiments  upon  Beans,  after  a  crop  of  Oats.  Tke  mumHtf  of  land  m  eoA 
pUfl  was  one-ei£htk  of  an  imperial  acre.  Seeds  sown  25ch  February ;  manures 
applied  I3th  May;  crop  cut  8th  August;  stacked  1st  September,  J 842;  and 
thrashed  6th  February,  1843. 


MAjrUftSA^  1^ 

"We 

igtit     Uktr 

i>    frt)Jzl 

i 

■ 

1 

T 

NrMhfcrm: 

Mill  nf 

ri 

toerraJte 

l>e- 

^ 
p 

£ 
5 

i 

'b^ 

of 
proiluce 

creKaeol 

prwtuc* 

LSKKOX  LOVft. 

£1 

fr   ^ 

si 

s^ 

.^  ^'  1 

m  grtiii. 

iiifimiii» 

Ko, 

Di*«r,ripiion  or     1 

or 

0 

*  ft 

1 
^ 

1 

as 

^  3 

p 

i 

i  ^ 

i 

81 

1 

Ibi, 

•.d 

llML 

IIM 

11>9 

\h%, 

lbs 

Tb;; 

1b« 

buitii- 

bih. 

Ibc 

buh. 

Ibm 

1 

CotnEiion  SaFh      14 

u  A 

6sa 

231 

54 

'jm 

^£ 

78 

6S* 

3^38! 

— 

— ^ 

-\m 

n 

^\ 

Cotnnion  Salt.'       7  ^ 

7  0 

630 

36G 

B3 

311^ 

23t) 

82 

66* 

^«0 

^ 

^ 

— 

lez 

3 

A  1 

672 

m 

B, 

33tJ 

2M 

T9 

eq 

4  134 

414 

„ 

_ 

22 

^] 

37 

614 

2^ 

59 

339 

2S3 

82 

661 

4  210 

^m 

— 

— 

9S 

') 

20 

696 

292 

CO 

342 

26P^ 

m 

66* 

4^356 

^ 

— 

— 

as 

6    |Hur[.h.  of  KTHj^t    1*^ 

1  D 

TOO 

2fK 

73 

365 

2G1, 

m 

06i 

4  340 

■sa^ 

_ 

^ 

12 

It 

7  h 

700 

289 

C5 

3&1 

2C1 

d 

W 

4  313 

£93 

-' 

- 

fiD 

H     ,H4[>.>daBi..,. 

iH 

\\    M 

JOCi 

2K' 

U 

3S.3 

'm 

w 

^ 

4  374 

fi&4 

~^ 

— 

m 

fl     fliianch 

28 

5li 

rj* 

2^1 

m 

34K 

Vt^ 

117 

4-211) 

^90 

— 

— 

17 

W    |N..[hini 

CT^^ 

■i4>^ 

^ 

:t« 

i?r>r} 

74 

6ti| 

3  720 

— ' 

— 

— 

11     !S-M>r il  h^h 

1  w 

1  <>*. 

'JfM 

:vji 

'^.1 

M 

wi    :i  W5i  J  — 

2 

.7^-1 

RsMAKKS.— The  aoil  of  Fordhill,  on  which  they  firew,  i«  light  and  of  inferior  qoatlty— 4lM 
sabwil  ia  of  indurated  clay,  interape«ed  with  boulden  and  amall  atooea,  and  oceaajooallj 
heda  of  fravaL  The  field  waa  drained  every  furrow  prevloua  to  ila  beinf  brolcen  up  fmai 
old  lea  in  the  winter  of  1840— ploughed  deep  and  aubaoiled  in  the  aatnaon  of  1841,  and  mm- 
nured  with  farm-yard  dung  in  the  drill  before  aowlng  the  beana  in  the  apfteg  of  1942.  Owiof 


to  the  dryneaa  of  the 


I,  th« 


were  rather  short  In  the  atraw;  the  apecific  mano 


were  applied  a/ler  the  planta  had  attained  aome  inchea  In  beighL  Tlba  mUpfuue  ojatda  Cdry. 
not  in  crystalty  btaekened  and  dmtroyed  the  under  leacm,  tnerever  it  came  in  ootuact  aatla 
them^  butjireah  ahoot*  »oon  cfpeared,  tmd  it  did  not  oeem  permammtiy  f  injwr^or  retard  tim 
growth  of  the  pUm/e.  They  did  not,  after  the  appllralion,  anew  any  marked  change  of  colour ; 
and  at  no  period  did  they  aeem  to  differ  much  ftom  the  real  of  the  ield.  A  few  peas  were 
•own  among  the  beana ;  and  in  dreaaingthe  grain,  an  aUempf,  partially  aocceaaful.  was  mads 
to  leparate  them— each  experiment  underwent  the  aame  proceaa  in  the  dreaalnf .  Grain 
column  lat  repreaenta  the  produce  in  beana— grain  rolomn  2nd  representa  that  In  ] 


The  aeparation,  however,  not  being  completely  effected,  there  were  left  psaa  among  the  b«*ttns, 
and  aome  of  the  amaller  and  inferior  beana  among  the  peas.  I  thoogbt  a  dlaiinctioo  of  this 
kind  worth  making  in  the  TaUea,  as  I  obaerred  that  aome  of  the  lota  contained  much  mors 
peas  ii>  in  others,  and  conceived  that  the  relative  valoe  of  the  maoure.  as  applied  to  eftfher, 
mictit  thereby  in  aoiie  meaaure  be  ahown,  as  weU  sa  tlralr  effecta  on  the  beana  alone  mors 
truly  exhibited.  The  groaa  weights  were  taken,  aa  thoae  of  the  other  ezperimeota,  at  tiM 
town  of  Haddington'a  weighing-mschlne,  befote  thrasbiof-the  deisUed  weights  and  mea> 
suremenia  by  myself.  Wm.  Goodlbt. 

The  produce  of  the  undresssd  part  amounted  in  the  abofs  experiment  to  89| 
bushels,  and  it  is  remarkable— 

1^.  That  the  soot  alone  caused  a  sensible  diminution  of  the  gross  produoa^ 
and  alone  did  not  lessen  the  proportion  of  peas. 

S^.  Although  the  season  was  so  dry  the  sulphate  of  soda  gaTS  a  larger  increase 
than  was  obtained  by  the  addition  of  twice  its  own  weight  of  guano. 

V*.  Thaianadmiztu»oriMdriuw«i^orBiltat«^iHthtl»Mi^>halsarsodi 
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« 
did  not  increaae  the  produce  beyond  that  of  an  equal  wdght  of  sulphate  alone. 
This  is  different  from  the  aetion  of  the  latter  salt  in  the  case  of  the  other  grain 
crops  and  of  potatoes. 

i°.  That  I  cwt  of  sulphate  of  soda  produce  as  great  an  effect  as  16  cwt  of  rape- 
dust— the  quantity  of  grain  reaped  from  both  applications  being  very  nearly  the 


8ugt[estum  XT. — These  striking  effects  of  the  sulphate  ultimately  took  place, 
although  when  first  affiled  to  the  young  plants  it  oumed  and  blackened  their 
leaves.    I  trust  that  these  resulu  will  also  be  t 


i  tested  by  repetitions  in  other  yean  ' 
^less  droughty,  it  is  to  be  hoped— and  in  other  parts  of  the  country.    For  the 
sulphate  of  soda,  Mr.  Alexander's  experiment  seems  to  say  that  gypsum,  which 
is  still  cheaper,  may  be  economically  substituted. 

5^.  It  wiU  be  seen  that  euano  upon  this  crop,  as  upon  the  wheat  already  noticed 
(p.  68),  was  less  successnd  than  some  of  the  other  substances  employed. 

Conclusion, — ^Upon  the  observations  of  Mr.  Gardiner  in  regard  to  the  effect 
of  the  dressings  or  1841  upon  the  crop  of  1843, 1  have  nothing  to  add  to  the  re- 
marks I  have  already  made  (p.  57)  upon  their  importance,  and  upon  the  good 
that  must  follow  from  continuing  them.  But  in  concluding  these  observations, 
the  reader  will  please  to  recollect  that  I  have  adverted  to  those  points  only,  in  the 
above  tables  or  results,  which  appeared  to  myself  most  important  There  are 
many  other  points  to  which  by  a  careful  study  of  the  tables  his  attentipn  will 
naturally  be  drawn.  He  will  consider  the  observations  themselves  also,  aa 
only  80  many  gropings  after  trujth.  The  present  state  of  our  experimental  inqui- 
ries oan  scarcely  be  supposed  as  yet  to  give  us  more  than  a  glimpse  here  and 
there  of  the  true  light  Like  a  man  who  finds  himself  in  a  dark  dungeon,  we 
are  peering  throueh  the  comparatire  gloom  of  our  prison-house,  in  the  hope  of 
finding  some  mocfe  of  escape  into  the  upper  day.  Like  him  w^  may  be  long  in 
discovering  the  true  outlet,  and  the  passage  upwards  may  be  narrow  and  in- 
tricate ; — but  the  same  conviction  which  will  give  him  saKty^  will  ultimately 
lead  us  also  to  the  light — that  he  who  peraists  in  trying — ^marking  and  recollect- 
ing every  turning  he  has  explored— may  at  length  escape;  but  that  he  who  sits 
stm,  in  mdifference,  or  gives  up  his  quest  in  despair,  is  sure  to  die  in  darkness. 


No.  IX. 

▲DDinOirAI.  aXPBBmNTS  in  PRACTIOAL  AGRI0UI.T17BS9 
HAPB  IN   1842. 

The  fbllowinff^  experiments  were  made  at  Erakine,  m  Renfifewshixe,  upon  the 
Home  Farm  ofXord  Blant3rre:— 

Experiment  l.—Potaio  Oats,  after  old  Grass. 

The  soil  was  Tariable,  chiefly  ^ood  loam,  resting  on  a  subsoil  pardy  gravel 
and  partly  sand*  The  field,  having  been  long  in  pasture,  in  many  places  very 
wet,  was  drained  in  November  and  December,  1841 ;  ploughed  soon  after,  and 
■own  with  oats  on  the  8th  of  April.  The  manures  were  applied  on  the  15th 
of  April,  and  harrowed  in  with  a  single  stroke  of  the  harrows.  One-fourth  of 
an  imperial  acre  being  jfreviously  measured  off  for  each  ploL 

According  to  notes  taken  oi  the  appearance  of  die  crop  from  time  to  time» 

May  23.— The  nitrate  of  soda  (No.  1 )  looking  darker  m  colour  than  any  of 
the  other  plots;  next  to  it,  in  point  of  colour,  the  foreign  guano  (No.  5)  i 


beat;  then  the  soot  (No.  9);  then  the  solphate  oi  ammonia  (No.  2);  cannot, 
however,  discern  any  very  (tecided  differenoe  in  the  appearance  of  the  othem 


16  Kxpnmxtm  vTon  om.jjiD  obam.  lApfmA, 

May  SO. — ^There  appean  a  fH^fjtA  differenoe  in  fiiTonr  of  all  the  appUeatioBi 
in  the  order  above  stated,  the  snlpbate  of  soda  (NO.  3)  pale  in  colour. 

June  28. — Appearance  same  as  on  30th  May. 

The  crc^  was  cut  19th  and  20ih  of  Ani^nst,  and  thrashed  from  the  stock  on 
the  7th  of  September ;  the  results  carefully  ascertained,  the  grain  by  weight  and 
measure;  the  straw  by  weight,  as  it  cMhie  from  the  thrashing-machine;  no  sc- 
coont  taken  of  the  chaff. 

RtSULTS   OF   BZPBBIMSirr  I.^-OATS. 


Ho. 


Appllc^Uooa, 


la's 


NltTmleof8oda,2Btbs. 

Sulphate  of  Ammonis,  2B  Ibt.. . 

iSulphaU  of  Soda,  66  lbs. 

Nothing 

Poreign  Gimnn.  28  lbs 

TurnhuU'«  RritlshGnano.  B6  Iht. 
Turnbull'B  Unped  Boiie«,66  Km. 
Tursbiill's  Humus,  lu  buah.... 
Soot,  10  bu^. 
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3 
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12  - 

12  10 

12  4 

12  17i 
11  2 
U  M 

13  30| 


WtOpPOS. 

Lifhlfraio. 


lbs. 

4u 
40 

41 

J!| 

41 
41 
41 
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8 
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6 

m 

10 


+ 

Pecre— s— . 


GnlD.;  Bmnm. 


—IS 

+14  ' 

-48  1 


-f-191 

4-51 
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Experiment  II.— On  Old  Pasture  Orasstebe  ad  for  Hay. 

The  soil  was  of  medium  (quality,  on  stony  clay  subsoiL  The  part  of  ths 
field  experimented  on  was  originally  very  wet,  producing  scarcely  any  better 
herbage  than  rushes  and  other  semi-aquatic  plants,  was  drained  in  1835,  has 
been  mree  years  pastured  after  a  crop  of  hsy  from  young  ^ass  in  1838;  the 
soil  is  of  a  blackish  friable  texture,  the  subsoil  very  retentive.  The  specifie 
manures  were  applied  on  15th  April,  with  the  exception  of  the  soot,  which  waa 
sown  on  the  plot  in  the  experiment  at  the  same  time  that  the  other  parts  of  the 
field  were  dressed  with  soot,  being  about  the  middle  of  Marchj  emd  by  tha 
15th  of  April  were  shewing  a  freener  shade  than  the  portibn  left  for  experiment 

April  \R>. — Observed  the  ridge  or  plot  No.  5  (sulpnate  of  ammonia)  locking 
dark  in  the  shade,  and  that  the  salt  has  burned  the  leaves  of  daisies  and  other 
broad-leaved  plants ;  the  moss  or  fog  seems  also  to  be  burned,  it  looks  black 
and  unhealthy. 

Mav  7.— 1  he  ridges  or  plots  Nos.  2, 5,  and  7,  lodk  decidedly  better  than  tha 
rest :  No.  3  also  seems  &rther  advanced  than  where  no  applications  were  made. 

May  23  — No.  2  getting  on  very  fast,  and  now  looks  as  well  as  No.  1,  which 
has  always  had  tha  advatitage  ( ta  appearance)  of  the  other  plots.  The  graaa 
on  No.  3  pale  in  colour,  but  taller  tiian  where  no  manure  was  applied. 

The  hay  was  cut  on  the  3d  of  July,  and  the  grass  weighed  soon,  t.  «.,  in  a 
fiftw  hours  after  being  cut  down,  bat  beuig  Tcry  sunny  weather  it  waa  ai 
Ikded  when  weighed.    The  made  hay  weighed  and  put  into  stack  on  - 

E4£k  plot  cansisUd  of  one-fourth  of  <ai  imperial  acre. 

RESULTS   OP   eiCPERIMBNT  II. — HAT. 


No. 


ApplicstioQS. 


Coat  of 

sppUca- 
tloo 


Soot,  10  bushela 

Niuiate  of  Soda,  401ba. 

SiilphstsofSoda,  80n>» 

Nothing 

Sulnbate  of  Ammookt,  40  lbs. . . . 

Nothlnf 

Foreign  Onsno,  401bi 

TumboU's  BrM»h  Ooum.  80  lbs 


8.    d. 
2    11 


Gru8. 


2331 
26384 
1986 
1780 

2874 
3084 
8ML 


Hay. 


Increase 
in  Hay 


lbs. 
970 

10261 
841 
72S 
936 
838 

1110 

1014 


188 

168 
"408 
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N.  B. — I  take  the  arera^^  of  the  two  plots  which  had  no  meihare,  as  the  sum 
to  deduct  for  finding  the  increased  produce.  The  second  column  from  tha 
right  is  made  hay,  the  third  is  green  grass,  weighed  soon  after  being  cuL 

Experiment  III. — Upon  Wluat, 

Soil,  a  gpod  strong  loam,  resting  on  a  heavy  subsoil  composed  of  clay  and 
small  stones,  called  till.  The  wheat  was  sown  in  NoTcmber,  1841,  aher  a  crop 
of  potatoes.  The  field  had  been  long  in  grass  previous  to  1840 — when  it  was 
drained,  and  ploughed  for  oats  in  the  sprine  of  1840— was  well  dunged  with 
good  farm-yard  manure,  and  was  also  limed  tor  the  potato  crop  of  1841,  so  that 
the  field  was  in  very  good  condition  for  wheat 

The  manures  were  applied  14ih  April,  1842,  and  harrowed  in  with  a  stroke 
of  the  harrows. 

May  10.— The  portion  No.  1  seems  daiker  in  shade  than  No.  9  and  No.  8. 

June  28. — A  cafm  day,  with  gentle  rain — many  of  the  lots  much  bent  down, 
as  follows:— No.  1  much  beat  down.  No.  2  partly  swirled  and  bent  at  the 
end  next  a  planting.  No.  1  swayed  at  east  end  next  the  planting,  not  so  bad  as 
No.  2.  No.  4  less  bent  down  than  No.  3.  No.  5  much  bent  down  and  swirled. 
Nos.  6  and  7  all  standing.  No.  8  partly  laid  down.  No.  9  very  much  swirled 
and  laid.    All  the  laid  wheat  came  up  again  in  a  few  davs  after  the  rain. 

The  wheat  was  reaped  widi  the  stckle,  and  in  due  course  stacked,  in  good 
condition.    It  was  thrashed  on  the  8th  February,  1843. 

*  RESULTS  OP  EXPERIMENT  III. — ^WHfiAT. 
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Experiment  IV.— 0»  Peiatoa, 

Soil,  a  medium  loam,  resting  on  ^^ei  and  sand.  The  field  was  ploorhed 
from  old  i^rass,  and  sown  with  oau  inT  1841 ;  was  drained  (where  wet)  and  deep 
ploughed  m  the  autumn  of  1841 ;  prepared  for  potatoes  in  the  spring  of  1842, 
and  well  dunged  at  the  rate  of  about  4Sfe  tons  of  very  good  duujg;  from  Ulasgow, 
per  acre.  The  manures  were  applied  in  addition  to  the  dung,  bv  being  sprinkled 
above  tke  dwig  in  the  drills  before  placing  tkesiU,  then  covered  by  reversing  tha 
drills,  on  the  21  St  and  22d  of  April,  1842. 

During  the  season  could  discover  little* or  no  difference  in  the  appearance  of 
the  portions  dressed  with  the  specific  manures,  (h>m  where  no  applications 
were  made;  the  crop  was  a  very  equal  good  one  over  all  the  field.  Om-fourtk 
t^  an  imperial  acre  m  each  pUH, 

*  I  can  in  reconcile  the  treat  prcKluce  from  No.  4  wkh  the  appeartDces  when  srowhif, 
and  have  been  suipieioaa.  that  notwiihatandinf  everr  prerantion  iMinf  lakeo  to  aroid  mix* 
inf.  some  abeaTes  of  No.  6  plot,  have  been  taken  to  No.  4,  while  the  crop  waa  in  siook,  aa  H 
waa  sometlmea  neeesMrj  (durinf  the  time  the  atooka  were  in  the  field)  to  have  them  re- 
paired, they  being  blown  down  once  or  twice.. 

The  coat  of  the  applinationa,  aa  aleo  the  qoanrttiea  appUad,  oftha  diiferant  SMteririih  were 
the  aame  aa  la  Expariaient  No.  I.,  oo  Oaia.  The  liffitmiii  la  not  here  taken  lolo  aecouat^ 
aa  it  waa  loo  irtikng  ia  quantity  and  qoaliiy  to  be  of  aoylinpailaiiee,  aad  nearly  tbefune  is 
•very  case. 
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Improved  Bonea,  TurnbuU'a,  66  Iba. 
Oyoaaaii.  1  buahel 

kXST  . .  TT. :::::: : ... : ::: : ; : 

The  gypmun  used  turned  oat  to  be  genuine  on  analysis.* 


REMARKS  UPON  THE  PRECEDING  EXPERIMENTS. 

1^.  Effect  of  the  droiigkL — It  is  to  be  observed,  in  the  jfirst  place,  that  th« 
great  drought  of  the  season  exercised  an  unfavourable  influence  upon  the  re- 
sults of  these  experiments  also.  It  is  necessary,  therefore,  to  suspend  our  judg- 
ment in  some  measure  regarding  them — until  niture  experiments  in  q^er  sea- 
sons shall  confirm  or  modify  them. 

2^.  Ififerences  to  be  drawn  from  the  coUmr  of  the  crop. — A  new  feature  m- 
troduced  bv  Mr.  Wilson  in  tlM  aecount  of  these  experiments,  is  the  appearance 
presented  bv  the  several  crops  at  different  specifiea  periods  after  the  dressings 
were  applied. 

It  is  a  common  thing  for  practical  men  to  estimate  the  relative  produce  of 
different  fields  or  parts  of  the  same  fi'^ld  by  their  appearance,  and  especially  by 
the  colour  of  the  growing  crops.  Yet  that  this  is  not  to  be  depended  upon  in 
iiofm  crop,  is  proved  by  the  observation  that  up  to  the  end  of  June  appearanoea 
in  the  oat  field  were  most  in  favour  of  the  nitrate  of  soda,  the  guano  being  se- 
cond, and  the  soot  third  in  order.    Yet,  when  reaped,  the — 

Nitrate  gave  an  increase  of  only 2^  bushels  per  acre. 

Guano 24  lbs.  per  acre. 

Soot 6  bushels  per  acre. 

The  nitrate  did  give  a  little  more  straw  than  either  of  the  other  two,  but  that 
the  colour  is  not  an  unfailing  criterion  even  as  to  the  produce  of  straw  or  of 
hay  is  shewn  by  the  experiments  upon  oats  and  upon  hay.    In  both  of  these 

*  List  of  prtcea  paid  for  tba  manorea  oaed  io  the  foragoinc  experlmepta  :— 

1.  Foreign  Ouano SSa.  p«r  cwL 

2.  TurnbuU'a  Guano 8a.     *' 

8.  TurnbuU'a  Improrad  Bones fla.     " 

4.  TurnbuU'a  Humua 1*.  perboaheL 

&  Nitrate  ofSoda 26a.per«wt 

6.  ISulphate  of  Soda  (dry) 6a.     « 

7.  Ckiipbato  of  Ammonia Vto.     ** 

a  Sooi  . 3|<l.  parbualML 

Noa.  2, 8, 4,  and  7,  were  manufactured  and  fumlahad  by  Tnmbull  and  Compai^,  Chcss> 
ms,  Olaagow.    The  British  (Guano  No.  2)  la  aaid  to  be  made  up  aa  follows  :— 
2  CWL  of  Sulphate  of  floda. 
2  ewt  of  Sulphate  of  Ammonia. 
1  ewt.  of  Common  Carbonate  of  Soda. 
16  ewt  of  Improved  Oooea,  nunulactured  by  TambuQ  4k  Co. 

20  ewt,  or  1  ton. 

Um  Improved  Booea  an  aaid  to  be  half  dissolved  -bones  and  half  wood-ehareoaL  I  b»> 
Ueve  the  booea  Inelade  anUnal  matlsr,  aa  I  am  Isfbrmed  the  csrcasas  of  oid  boraea,  *e., 
are  all  need  In  the  oiaaufiumre.  jAMas  Wilson. 

/VaiJaMi,  iB»«MM,  20rA  #V*riMry,  ISO. 
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ri  the  pordomi  dressed  with  sulphate  of  soda  are  described  tmpakin  cohm^ 
vet  the  excess  of  produce  over  the  undressed  parts  was  as  follows : — 

1       InlheTy     !    '.    I^^ .T-^ie.  j  Whe„  the  .«lph«e  wa.  .ppli«i. 

The  increase  in  neither  case  would  be  desemng  of  much  attention— except 
as  showing  satis&ctorily  that  wrong  conclusions  may  be  drawn  in  regard  to 
the  efficacy  of  manures  and  top -dressings  by  those  who  judge  only  by  the  eye 
— and  that  safe  reliance  can  be  placed  on  those  comparative  remits  omv  which  have 
been  tested  by  weight  and  measure,  I  know,  indeed,  that  practical  nrmers  who 
hare  applied  nitrate  of  soda  to  grass  land,  and  have  been  delighted  by  the  beauti- 
ful green  colour  which  followed,  ha?e  occasionally  been  disappointed  by  find- 
ing that  after  all  this  promise  the  weieht  of  hay  obtained  was  no  greater  than 
Upon  the  undressed  parts  of  their  fielcb.  As  to  the  feeding^  (qualities  of  the  two 
kmds  of  hay  no  experiments  have  3ret  been  made,  though  it  is  known  that  cat* 
tie  prefer  that  which  has  been  dressed. 

Suggestion  XI. — I  put  down,  therefore,  as  a  distinct  suggestion  for  the  pur- 
pose of  drawins;  attention  to  the  subject,  that  this  plan  S  sptxiaUv  noting  ths 
appearance  of  tne  crops  at  stated^  say  monthly  periods,  should  be  adopted  in  all 
future  experiments.  This  will  serve,  not  merely  to  show  us  more  clearly  what 
kind  of  appearances  are  to  be  trusted,  and  how  fer,.as  indications  of  an  increase 
of  crop— out  may  hereafter  prove  of  ftirther  importance  when  experiments  shall 
begin  to  be  instituted  upon  the  feeding  properties  of  crops  reaped  under  dif- 
lerent  circumstances^  and  raised  under  Snerent  kinds  of  management 

3^.  Importance  of  having  two  or  mare  experimental  plots  wnilarly  treated,-^ 
The  experiments  upon  hay  above-mentioncMi  exhibit  another  illustration  of  the 
fact  adverted  to  in  page  59  of  this  Appendix  under  the  head  of  Umits  of  error, 
I  there  drew  the  attention  of  experimenters  to  the  diiference  in  the  produce  ob- 
tained on  two  equal  patches  ot  the  same  field  of  turnips,  to  neither  of  which 
any  dressing  had  been  applied.  At  Erskine  two  equal  plots  of  grass  in  the 
same  field  save  a  simiitftr  difference  of  produce.  I  present  Doth  results  here  for 
the  sake  of  clearness.    The  produce  per  imperial  acre  waa— 

Hajr  at  Erskine.  Toreipa  st  Barocbao. 

tons,    cwt  tons,    cwt 

1st  plot 4        5  Id      17 

2d  plot 3       3  U        8 

Difference  •    .  ' I       3  1       9 

'  In  my  remarks  upon  the  difference  between  the  two  plots  of  turnips  TAppen- 
dix,  Du  59),  I  expressed  an  opinion  that  diffiuenees  equally  great,  dcpenoing  not 
at  all  upon  the  substance  applied,  might  be  expected  on  equal  portions  of  those 
fields  upon  which  our  different  saline  manures  may  have  been  applied ; — and 
that  venr  erroneous  conclusions  might  thence  be  drawn  in  regard  to  the  abso- 
lute ana  comparative  effects  of  the  substances  vrith  which  our  experiments  am 
made  upon  the  crops  to  which  they  are  applied. 

I  have  since  met  with  a  confinnation  of  this  view  in  a  record  of  two  pairs  of 
eneriments  made  with  equal  quantities  of  rape  cake  upon  equal  plots  of  red 
wheat,  in  the  same  season,  and  upon  adjoining  parts  or  the  same  field,  (British 
Bbsbandiy,  I.,  p.  112.)  The  resulu  of^lwo  experiments  with  different  quan- 
tities of  rape  dust  were  as  follows : — 

~  Prodneeof  Lfgbt 

fiape  dust  applied  market  com.     Weight  per  taaheL        corn. 

slonei.  bosh.  lbs.  os.  Iba. 

Istplot 691    ...    96    ...    52    10    ...    46 

2nd  plot 59i    ...    21    ...    50     8    ...    67 

Istplot 86     ...28.    ..53     4..    .35 

2nd  plot 86      ...    22    ...    51      2    ...    91 

Tfaia  ^fiEowMs  both  in  the  qoantity  and  in  the  weight  of  the  gn^ 
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•acb  of  these  pain  of  ezperimeiitfi,anr  so  gireat  that  had  they  been  obtained  from 
plots  of  ground  dressed  with  different  manures  we  should  readily  have  ascribed 
them  to  £e  unlike  action  of  the  substances  we  had  applied.  Doubts  may  natu- 
rally arise,  therefore,  when  we  look  at  the  several  tables  of  results  eontamed  in 
thb  Appendix,  how  far  the  differences  presented  in  them  are  really  due  to  the  un- 
Eke  action  of  the  manures  employed,  and  how  far  to  natural  causes  not  hitherto 
investigated.  Can  all  the  ezcHsriments  made  during  thes&last  two  yeara  with  » 
much  care  really  be  vitiated  by  this  source  of  error  1  The  point  must  be  duca- 
dated  by  further  experiment  Should  it  prove  that  we  have  here  a  generd 
•ource  of  error,  it  is  satisfactory  at  least  that  we  have  discorered  it  at  the  threshold 
u  it  were  of  our  accurate  experimental  inquiries,  and  that  we  can  devise  meam 
of  avoiding  it  in  future. 

I  therefore  repeat  the  Sogokstions  I.  and  IT.,  which  I  ventuxed  to  offer  in  page 
60  f  Appendix),  that  some  of  my  readers,  of  whom  I  believe  many  are  interestod 
in  this  subject,  would  in  the  ensuing  season  ascertain  accurately  the  produce  of 
equal  measured  quantities  of  the  same  field,  under  whatever  crop  it  may  be^ 
and  publish  or  transmit  the  result  to  me — and  that  in  all  future  experimeniB 
made  with  the  view  of  ascertaining  the  effect  of  different  manures  upon  any  crop, 
tufo  plots  ai  least,  and  not  Ofl joining  to  each  other,  should  be  treated  alike  m  each 
field,  and  the  mean  of  the  several  results  obtained  with  each  substance  taken  ai 
the  average  produce  firom  which  their  comparative  effects  are  to  be  estimated. 

These  points  appear  to  me  to  be  of  pnmary  importance,  and  to  lie  at  the 
foundation  of  the  structure  1  hope  we  are  now  beginning  to  rear  with  thereeulte 
of  inductive  experimental  agriculture. 

4.  Action  ofsool. — In  these  experiments  a  top-dressing  of  soot  increased  con- 
•iderably  the  produce  of  oats  ana  wheat,  while  it  diminished  the  produce  of  po- 
tatoes when  mixed  with  the  manure.  Thus  the  produce  per  acre  on  the  dressed 
and  undressed  parts  was^- 

Oali.  Wheat  Pofatoes. 

Undressed    .    .    49  bush.    .    .    44  bush.    .    .    11  tons  16  cwt 
Dressed   ...    55  bush.    .    .    54  bush.^  .    .    11  tons    3  cwt 
The  unfovourable  effect  upon  the  potato  crop  may  probably  be  doe  to  the 
mode  in  which  it  was  appliea,  as  in  other  districts  it  is  very  useful  to  potatoes, 
and  gave,  ae  we  have  seen,  when  applied  alone  to  turnips,  an  increase  of  4  tons 
— ir  acre.    (Bee  Mr.  Fleming's  Experiments,  Appendix,  p.  43;  also,  Lecture 
VII.  p.  438). 

5.  OmpartUive  acUjon  of  soot  and  of  nitraJte  of  sodoj-^TYkt  immediate  effect 
of  both  these  substances  la  to  darken  the  colour  and  to  inerease  the  growth 
of  hay  and  straw«  In  this  respect  the  ^vantage  is  rather  on  the  side  of  the  nU 
tmte,  while  the  soot  in  some  cases  gives  a  little  more  grain.  Thue  the  tneroam 
ef  produce  per  imperial  acre  c^  the  three  crops  of  hay,  wheat,  and  oats, 
with  each  of  the  thjree,  was  nearly  as  follows:*^ 

'SLa,  WheiLt  Osts. 


r. 


Soot    ....    7  cwt    /    .    10    bush.    .    .    6    bwh.      6  ewt 
'  Nitrate  of  soda .    9  cwt    .    .    10^  bush.    .    .    6|  binh.      7  ewt 
In  both  eases^  however,  the  sooted  grass  was  lighter  per  boahd.    Thna  thsir 
eomparative  weights  were 

Wheat  Oats. 

Sooted  ...  58  lbs.  .  .  41  lbs. 
Nitrated .  .  .  6S  lbs.  .  .  43|  lbs. 
Neverthelees,  the  advantage  to  the  practical  man  is  decidedly  on  the  nde  of 
the  soot,  since  the  cost  of  40  oushels  of  soot  per  acre  was  only  12s.,  while  that 
ofl  cwt  of  nitrate  of  soda  was  35s.  It  is  only  to  be  regretted  that  soot  ia  ao 
Tariable  in  its  constitution  that  firm  reliance  cannot  be  placed  upon  theunifbrofr- 
ity  cfiia  effeqts.  .    .    .      •^. 

.  ^;.4^e(4?f^-T-In5he4ect,>460,Ih«f!Ss|U«lthatt^^ 
10  which  the  Erskme  expenments,  taken  in  eonneetion  with atf  the  ^tbm  Ihsf* 
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ytttntt  vitlifMem  to  point— that  it  is  man  vmformly  sucemfid  wktn  a/ppHed  to 
joci  than  to  grain  crept.  The  increase  of  oats  in  the  present  experiment  did  nM 
ezeeed  half  a  bushel  per  acre— though  that  of  hay  amounted  to  14(  cwt. 

T'.  Adion  ofsulpJuUe  of  soda. — I  have  already  noticed  the  effect  which  this 
salt  has  in  paling  the  colour  of  the  crop,  even  when  the  produce  of  grass  or 
straw  is  increased.  In  regard  to  the  grain,  we  see  in  the  experiment  upon  oats 
Uiat  it  redaced  the  crop,  1|  bushels  per  acre — while  the  wheat  crop  was  increased 
10  bushels  by  a  similar  application. 

Is  this  dinerence  in  its  effects  due  to  the  nature  of  the  soil,  or  to  the  special 
action  of  the  sulphate  upon  the  two  crops  1 

We  have  seen  m  the  experiments  made  in  1843  at  Lennox  Love  (p.  52),  that  tha 
■ulphal0  of  soda  diminisned  the  oal  crop  15]^  bushels  per  acre — an  effect,  how- 
ever, which  may  be  mainly  ascribed  to  the  great  drought  in  that  localiiyr,  sinoa 
even  nitrate  of  soda  causea  a  diminution  of  1 2i  bushels.  But  it  also  diminished 
the  wheat  crop  at  the  same  place  to  the  extent  of  9i  bushels  per  acre,  but  upon 
this  crop  also  the  droujght  appeared  to  interfere  with  the  natural  action  of  the  sev- 
eral top-dressings  which  were  applied,  so  that  no  trust-worthy  conclusion  can 
be  drawn  from  the  apparent  results  of  their  action. 

Suggestion  XII. — 1  have  already  suggested  (p.  72)  an  interesting  experiment 
with  sulphate  of  soda,  in  order  to  test  the  very  curious  obseryation  of  Mr.  Flem- 
ing, that  when  applied  to  land  sown  with  artificial  grasses,  it  brought  up  a  crop 
eonsisting  almost  entirely  of  fescue  grasses,  though  none  of  these  had  been 
sown.  I  would  here  suggest  further  that  the  manced  difference  observed  aft 
Erskine  between  the  action  of  this  sulphate  upon  wheat  and  oats  should  be 
farther  investigated — with  the  view  of  obtaining  a  satisfactory  answer  to  this 
queation-^DoeB  sulphate  of  soda  act  less  favourable  upon  wheat  than  upon 
oau  in  the  same  soil  1  Or  does  an  unlike  action  manifest  itself  only  when  the 
soils  are  different?  I  fekr  the  suggestion  eomes  too  late  for  the  present  year, 
unless,  as  1  hope,  there  are  experiments  already  in  progress  which  will  throw 
lifht  upon  the  question.  But  the  suggestion  will  not,  I  beUeve,  be  overlooked 
nrhen  another  year  comes  round. 

It  is  further  worthy  of  remark,  in  regard  to  the  action  of  the  sulphate  of  soda 
•opon  the  wheat  crop,  that  the  straw  was  stronger  and  less  laid  than  where  any 
ot  the  other  dressings  were  applied. 

8°.  Aeiion  of*stUphaU  of  amimonia.  —The  substance  employed  under  the  name 
of  sulphate  o^  ammonia,  as  I  stated  in  a  previous  part  of  this  Appendix  (p.  61,) 
is  not  what  its  name  Implies.  The  makers,  the  Messrs.  Tumbull,  of  Glasgow. 
inform  me  that  it  is  prepared  by  adding  sulphuric  acid  to  fermenting  urine,  ana 
evaporating  to  dryness*.  Though  such  a  substance  must  vary  in  composition 
with  the  urine  from  which  it  is  prepared,  and  must  contain  more  or  less  am- 
BBOnia  oeeording  to  the  degree  or  fermentation  which  the  urine  has  undergone, 
vet  good  effects  may  fairly  be  expected  from  it  I  here  exhibit  the  effect  of  1  to 
li  cwt.  per  aeie  applied  to  different  crops — 

VndnsRfii.  Dressed.  Msde  at 

Wheat 44   bush.  64^  bush.  Erskine. 

Do 31  i  bush.  40   bush.  Gadgirth.  , 

Oats 49   bush.  50   bush.  Erskme.   ' 

Turnips 12|  tons.  24|  tons.  Barochan. 

Potatoes 121  tons.  14^  tons.  do. 

Do 8f  tons.  I3i  tons.  do. 

These  results  not  only  recommend  this  substance  to  the  practical  farmer,  but 
they  also  enforce  the  remarks  I  have  made  in  the  text  upon  the  value  of  urine 
m  general,  upon  tlie  large  waste  of  manurs  annually  incurred  by  the  neglect  of 
iti  4nd  upon  the  virtual  wumei^fots  which  is  suffered  by  those  who  allow  it  to 
escape  from  their  farm-yards.    [See  Lecture  XVUI.,  p.  4615.] 

9^.  AiUion  of  TusrnbulVs  huvius. — This  humus,  as  it  is  called,  is  night-soU 

'  la  t))«  test  I  bars  dessrlbed  it  wodsr  the  ssne  of  aii^pla«ti«rAM.— «sep»  Ml. 
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and  Drine  mixed  with  charcoal  and  gypsum,  and  dried  by  a  gentle  lieaL  Its  e^ 
fects  upon  the  wheat  crop  arc,  in  the  present  experiments,  more  iaToarable  tfaaa 
any  of  those  I  have  yet  placed  upon  record.  I'he  following  experimental  i»- 
sttits  exhibit  the  nature  of  its  action  in  two  localities,  both  m  the  same  neigh- 
bourhood : — 

Undresaed.  preased.  Expeiimeoti  made  at 

Wheat     ...    44   bush.  51   bush.  firskine. 

Oats     ....    49   bush.  45  bush.  do. 

Turnips  .    .    .    12|  tons.  13|  tons.  Barocfaan. 

Do.        ...     12   tons.  17   tons.  do. 

Potatoes  ...      5}  tons.  lOf  tons.  do. 

These  results,  especially  those  upon  the  com  crops,  are  not  so  benefieial  as 
might  well  be  expected  from  a  prepared  night-soil,  and  they  afford  room  for  the 
suspicion  that  the  mode  of  manu&cture  has  been  such  as  to  dissipate  some  of 
the  more  valuable  constituents. 

10^.  Experiments  upon  potatoes, — In  the  experiments  upon  potatoes  the  whola 
crop  averaged  12  tons  per  acre,  and  the  parts  of  the  field  to  which  the  artificial 
manures  were  added  exhibited  no  marked  increase  above  this  general  average. 
Even  the  mixture  of  nitrate  with  sulphate  of  soda,  which  in  so  many  other 
cases  has  proved  beneficial  to  the  potato  crop,  in  this  instance  produced  only  1 
cwt.  of  increase. 

It  may  be  that  the  manure  which  joiras  added  at  the  rate  of  45  tons  per  a<9a 
contained  a  sufficient  supply  of  all  those  kinds  of  food  which  were  added  after- 
wards in  the  saline  and  other  substances.  If  so,  a  larger  crop  could  only  have 
been  obtained  by  the  addition  of  some  other  substance  not  tried,  for  a  loam  of 
moderate  quality  ought  to  be  able  to  produce  more  than  13  tons  of  potatoes  par 
acre. 

Or  it  may  be  that  these  same  artificial  manures  would  have  produced  a  lareer 
increase  had  they  been  put  on  as  a  top-dressing  after  the  crop  nad  come  up,  in- 
stead of  being  spread  upon  the  manure  before  the  potatoes  were  planted  upon 
it.  In  the  experiments  of  Mr.  Fleming  made  with  especial  reference  to  this 
point,  [Appendix,  pp.  49  and  66,]  it  was  found  that  a  larger  proportunuUi 
increase  was  obtained  from  the  same  saline  substances  applied  in  equal  quanti- 
ties to  the  potato  crop  wften  they  were  spread  upon  ike  manure^  than  when  tkof 
were  applied  as  a  top-dressing  after  tAe  crop  had  come  up.  Still  the  experiments 
in  his  case  being  made  in  different  fields,  I  stated  that  the  point  was  not  to  be 
considered  as  established,  but  was  deserving  of  further  investigation.  This 
opinion  is  strengthened  by  the  results  of  these  experiments  of  Lord  Blantjrre : 
I  would  therefore  beg  to  offer  as — 

Stcggestion  .£///.— That  the  application  of  saline  manures  to  the  potato 
crop-either  when  the  trial  is  made  for  the  purpose  of  obtaining  practical  inlbr* 
mation,  which  may,  hereafter,  be  valuable  as  a  guide  to  the  operations  of  tha 
farmer,  on  the  land  where  his  experiments  are  made,  or  for  that  of  airivine  at 
results  which  may  be  theoretically  useful — that  the  same  proportions  should  ba 
applied  to  two  or  more  plots  buried  with  the  manure,  and  to  two  or  more  dusted 
on  as  a  top-dressing.  From  an  accumulation  of  results  obtained  in  both  ways, 
we  shall  be  able  to  extract  something  like  a  principle  by  which  practical  men 
may  be  easily  studcd  in  that  direction  which  is  likely  in  the  greatest  number 
of  cases  to  leaa  to  the  greatest  amount  of  profit 

11°.  JValer  in  the  potatoes. — I  will  here  add  one  other  observation  upon  tha 
DOtato  experimenU.  There  was,  as  we  have  akeady  remarked,  no  notable  diA 
ference  in  the  tnei^kt  of  crop  raised  upon  the  several  patches.  But  the  qiuUilf  of 
the  crop — the  weight  of  diy  food  raised  upon  the  several  patches— might  rnlly 
be  different  notwitlistanding.  In  my  remans,  f  Appendix,  p.  65],  upon  the  Bam- 
chan  experiments  upon  potatoes,  made  in  1842,  I  have  drawn  attention  to  tha 
fiwt  that  potatoes  sometimes  contain  as  much  as  30  per  cent,  of  dry  food,  and  at 
other  times  as  little  as  20  per  cent,  and  therefore  that  a  ton  of  potatoes  of  ooa 
kuKl  may  contain  6  cwt,  while  the  same  weight  of  another  eontaias  only  4 
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ewt  of  dry  nourUhment  It  may  b«,  therefore,  that  as  by  growing  in  unlilM 
soils  or  with  unequal  degrees  of  rapidity  our  potatoes  may  contain  different  pro- 
portions of  watpr,  so  by  diflr-rent  kinds  of  dressings  which  act  in  the  »\me  way 
as  natural  difTerences  of  ^toil,  and  cause  the  plants  to  develops  themselves  with 
greater  or  less  rapidity,  the  same  efTects  may  be  nroiuceil.  One  kind  of  saline 
substance,  such  as  nitrate  of  soda,  by  hastening  the  growth,  may  give  us  a  crop 
of  potatoes  containing  much  water,  while  another,  such  as  sulphate  of  sods,  by 
retarding  the  growth,  may  give  a  crop  containing  less  water — ^and  thus,  though 
tnere  may  be  no  difference  in  the  weight  of  the  two  crops,  iSey  may  be  very 
unlike  in  the  relatiTS  j>roportion8  of  food  they  contain. 

[f  such  be  the  case  it  is  of  great  practical  importance  to  determine  the  quantity 
of  water  which  our  several  expenroental  potato  crops  contain,  since  without 
this  we  may  draw  very  incorrect  conclusions  as  to  the  value  of  oar  experimental 
manures — placing  the  highest  value  upon  that  which  jviVes  the  greatest  weight 
of  raw  material,  and  esteeming  least,  perhaps,  that  which  produces  the  greatest 
weight  of  dry  food. 

1  would  again,  therefore,  draw  the  attention  of  my  readers  to  the  subject  of 
Suggestions  IV.  and  VI.,  [Appendix,  pp.  63  and  65,]  in  reference  to  the  deter- 
aii  nation  of  the  quantity  of  water  in  their  experimental  root  crops.  This 
ttiethod  of  doing  this  is  very  simple,  and  has  already  been  described,  [Appendix, 
p.  64.]  

Elach  new  series  of  experimental  results  we  are  called  upon  to  examine  and 
analyse,  will,  I  hope,  more  and  more  satisfy  my  readers,  as  they  do  myself, 
that  this  is  the  true  line  of  procedure,  and  that  though  there  may  be  much  ia 
OUT  results  at  first  which  may  appear  contradictory  and  discouraging,  yet  that 
out  of  these  crude  results,  when  combined,  compared,  and  freouently  lepeated, 
the  real  substance  of  a  rational  agriculture  will,  slowly  it  may  be  and  with  dtf- 
fleultyi  yet  sorely  at  last,  be«extracted. 


No.   X. 

SaSULTl   OF  BXPSBIMVNT8  IN  PRACTICAL  AGRICULTVBS,   XADI 
AT   BAROCHAN   IK    1843. 

Experiment  I. — Upon  Potatoes. 

Comparative  effects  of  guano,  form-yard  manure,  gypsum,  dee.,  by  them- 
selves and  in  mixture,  upon  Potatoes  of  different  varieties,  planted  3&th,  26th, 
Mid  37th  April ;  lifted,  measured,  and  weighed  from  12th  to  14th  Octoberi 
1843.     On  one-eight ^  of  an  imperial  acre. 

The  portion  of  the  field  upon  which  these  potatoes  were  frown  contains 
•  about  five  acres;  soilyloam  of  medium  texture,  super-incumbent  upon  trap 
Tock.  It  was  trenehed  with  the  sp.ide  out  of  seven  years  old  lea  in  the  winter 
cyf  1842  and  1AI3  to  the  depth  of  16  inches,  the  sward  beinj^  turn -spaded  into 
the  bottom  of  the  trench,  and  the  subsoil  a  stiff  yellow  till  brought  up  to  the 
top,  which  mouldered  down  to  a  fine  mould  durin.^  the  winter.  The  drills  were 
formed  for  the  potato  cuts  with  the  double-mouided  plough,  and  by  the  7th 
June  the  plants  wers  all  brairded  in  the  rows,  and  were  worked  in  the  usual 
manner  with  the  plough,  drill,  grubber,  and  hand-hoes.  After  the  drills  were 
focmod,  wheie  the  guano  was  used,  it  was  sown  in  the  drills  by  the  hand,  on 
the  bottom  and  sidss  of  the  drills,  tlis  iarm-yartl  manure  being  then  put  in  and 
30* 
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f pread  upon  the  top  of  it  Cut  sets  were  then  laid  on  and  oofered  up  wmi 
aoout  three  inches  of  soil.  Parlicular  aUentum  skould  be  paid  when  guano  U 
usedy  that  it  be  well  mixed  with  ifu  soil,  as  iAis  is  of  the  greatest  imjmiance  to  the 
heaUh  of  the  pfaiUs  and  the  bulk  of  the  crop^  espeaaUy  in  the  ease  of  potatoes  and 
tnimips.  This  conclusion  has  been  arrived  at  after  three  years  extensire  ex- 
perience in  the  use  of  guano  as  a  manure;  as  it  has  been  found  here  that  the 
more  minutely  it  is  spread  and  worked  into  the  soil  the  crop  is  the  hearier  and 
the  better  matured.  When  it  has  been  used  in  a  body  immediately  under  die 
plant,  it  has  always  been  found  to  induce  a  strong  Tieorous  erowui  of  stems 
and  leaves,  and,  in  general,  to  ripen  the  plant  prematurely,  and  both  the  potatoes 
and  turnips  were  in  consequence  deficient  in  tubers  and  bulbs.  Fron  these 
circumstances  it  may  be  inferred — what  is  indeed  known  to  be  the  case — that 
the  guano  does  not  contain  all  the  ingredients  which  are  required  by  the  planttL 
and  that  the  large4)roportton  of  ammoniacal  salts  it  contains — when  it  is-laia 
in  a  mass  in  immediate  contact  with  the  roots  of  the  plants — pushes  on  the 
^wth  too  quickly  with  small  stems  and  delicate  leaves.  Numennis  small 
bulbs  are  the  consequence,  and  the  cultivator  being  disappointed  is  led  to  pitv 
nouace  the  guano  worthless,  whilst  his  inferior  crop  may  be  in  a  great  measors 
'  owing  to  bad  mana^m^nt.  Whatever  may  be  the  reason,  however,  it  has 
been  found  in  using  it  here  that  when  sown  broad-cast  the  cropsof  every  deaerip- 
tion  have  been  benefitted,  while,  on  the  other  hand,  when  laid  in  a  body  near 
the  roots  the  reverse  has  been  the  case.  In  cutting  the  potato  Ibr  seed,  gypsum 
in  powder  was  strewed  upon  the  seu  when  newly  cut,  and  it  will  be  seen  IVon 
r^o.  C  of  the  table,  with  ^ood  effects  in  adding  to  the  produce,  as  wheie  the  cuts 
were  so  powdered,  as  m  No.  6,  their  superiority  over  No.  7  (which  was  noc 
done  so')  m  point  of  strength  and  vigour  was  roost  remaiksMe,  and  when  liAsd 
the  produce  was  1  ton  5  cwt  per  acremore  than  No.  7.  Itmay  alaoinaceitaiii 
measure  be  a  means  of  preventing  iailure  in  the  polatO)  as  there  was  no  fidlwe 
in  this  field  where  the  gypsum  was  so  used  on  the  cats,  while  the  same  seed 
peiatoes  faikd  upop  another  field  which  was  plsnled  st  the  ssms  dme,  hm 
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it  it  vordijof  a  uora 


octensi^e  trial  as  a  pvBfentadT^  and  it  will  in  all  aoils,  when  it  is  dtfidanti 
add  to  the  prodace.  Ithas,  attMsam6time,,thsnieritof  bein^aohoapappli* 
cation. 

There  was  no  jsreat  alteration  in  point  of  atnngth  or  Ibrwaidneas  till  the  Ist 
of  Juiy,  when  alTthose  patchee  upon  which  the  guano  had  been  used  began  t» 
take  the  lead  of  those  planted  with  fiunn-yard  manure  alone.  The  goano  prMlnoed 
a  dark  green  colour  and  very  strong  stems  and  leaTes,  so  much  so,  that  it  was 
Ibund  when  too  late  that  they  had  Men  too  nearpknted^i  e.,  99  inohes  between 
the  drills,  and  Id  ixiches  b^ween  plant  and  plant    There  would  have  been  a 

Towinff 

itwfllbe 
iven 


fia  heavier  crop  if  there  had  been  more  mee,  as  the  strong  growing  varieliea, 

nearly  choked  fiw  want  of  air.    f      '"  '^ 
■oand  fiumjraid  manors  cav 
greater  crop  than  where  either  of  them  was  used  alone.    The  portion,  No.  S^ 


such  as  tbs  cups  and  blues,  were 
seen  iirom  the  tables  that  a 


was  top-dressed  with  guano  when  the  potatoes  were  set  up  for  the  last  tima^ 
It  was  sown  broad-east  between  the  drills^  after  which  the  drill  harrow  was  put 
through  them  and  the  plough  followed,  it  acted  immediately  by  altering  the 
colour  to  a  dark  green,  the  plants  putting  out,  at  the  same  time,  new  stems  and 
leaves,  but  owing  to  its  being  applied  so  late  in  the  season,  there  was  a  latfgtr 
proportion  of  small  potatoes  than  at  the  others  when  lifted.  After  many  tnaia 
It  has  been  found  that  the  btSt  and  most  ^ctnamUai  wvif  of  ^sing  gMonofor  tkt 
potato  crop  u  by  adding  3  or  3  cwt,  per  acre  to  half  the  yiual  jjuantUy  of  farm' 
yard  dmig,  which  will  Se  found  to  give^  at  leasts  as  good  a  crop  as  double  tie  quOa^ 
tUf  ofduTig  aUme^  whilst  it  is  much  cheaper  in  the  first  cost,  and  savea  muck 
cartage,  which  is  of  the  greatest  moment  to  the  fanner  in  spring.  From  its 
effects  upon  the  oat  crop  of  thia  season,  where  it  was  need  as  a  manure  for  the 
turnip  crop  of  184*3,  at  the  rate  of  3  ewt.  per  acre,  it  seems  permanent— as  tha 
oats  will  bear  a  comparison  with  those  which  grew  where  the  land  was  manured 
with  40  cubic  yards  of  farm-yard  dung,  and  the  hay  crop,  at  this  time,  looks 
as  strong  and  forward  as  anv  in  the  same  field.  Potatoes  manured  with  guano, 
or  dreseed  with  sulphate  ana  nitrate  of  aoda,  appear  also  to  be  improved  in  heaUk, 
and  the  tubers  so  grown  are  less  apt  to  ftul  when  cut  and  planted  tho  following 


Experiment  II. — On  Bay. 
Effect  of  top-dressings  of  various  substances  upon  tlume  years  old  Ghnss» 
SMwdv  Timothy,  eut  for  hay  in  1943 ;  top-dressed  on  the  3d  of  June;  eot  on 
the  5th  of  August ;  weighed  when  cut  and  again  weighed  when  staeked  On  lim 
98th  ol  Angust  Ctuantity  of  gnmna  under  each  dressing-^Ons^AU  of  a^ 
imperial  acre. 
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Iviag  qiiita  krel  upon  a  -wmfdwboDib  roek,  and  has  a  Matk  eTpcxwiwi     Tht 
oreMingi  wen  late  of  being  pAt  ao,  and  it  was  intended  for  gieen  outtiag  te 


I  dressed  woe 
■BTsdiEbr  hav.    AU  the  dcessiiigs  axeept  No.  3  had  Ibe  etfeci  of  altering  the 
r  to  a  daik  giasa  in  the  coiuae  oi  a  week,  and  their  all  casM  away  ^ 


soiling,  but  owins  to  the  abandaace  of  other  feeding,  thej 

n  in  the  coiuae  oi*  a  week,  and  their  all  caoM  away  very 
;  andvigoRms.  No.3(theeoiiipoet,soeaoisl^p.88,)hadthe«ffectofa^ 
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the  colour  in  akMWt  throe  weeks  after  being  applied,  and  came  away  as 
Uy  that  it  soon  gained  npoB  the  others  in  point  of  atrength  and  loxorianos 
of  stems  and  IsaTss.  It  will  be  seoi  from  the  tahies  that  Xfos.  4  and  6  gave 
Isflshay  from  1000  lbs.  g^esn  em,  when  used  aloae,  than  any  of  the  others ;  hot 
vilfa  the  addition  of  eommon  sslt  1000  lbs.  gsTS  awrire  than  any  of  the  other 
dsBssed  ponions.  Salphatsd  miae  may  be  considerod  a  salt  of  ammoaia,  all 
of  which  salts  haTS  besn  foond  to  give  greater  bulk  than  almost  anv  other  ap- 
pliearion  of  salts  applied  to  gresn  |xoduoe.  but  they  hare  invaiiably  been  £Mind 
Mrs  to  give  less  dry  hay  when  used  by  themselves.  The  eziia  produoe  from 
the  sulphated  urine  ispiobably  owing  to  iu  compound  nstura  It  appears  from 
the  above,  therefors,  that  the  moet  proAtable  way  of  using  these  salta  is  by 
murimgikanvrith  fiiktn,andihattUwwncQmpoHndik€miztiunistMeidUrwiA 

Experiment  Hi— On  OaU. 
.Effects  of  guano  upon  OaU  (potato),  sown  on  the  17th  of  April;  cot  and 
weighed  on  the  15th  of  September.    Thrashed,  cleaned,  and  wei^ied  on  the 
9Mi  of  October. 
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Tha  portion  of  the  ftsid  upon  which  the  above  oats  wars  grown  is  a  desp 
stiff  yellow  clay,  super-incumbent  upon  sandstone  rock.  It  has  been  thoroach^ 
diained  ibr  a  number  of  years.    It  had  bsen  sown  with  wheat  on  the  90tF 


the  90th  oT 


pouto  oats  sown  upon  it  on  the  17th  of  that  month.  The  nam  brairded  all 
alike,  showing  no  difference  in  point  of  eariiness  \  but  by  the  9th  of  June  a 
most  remafkable  alteration  had  taaen  place,  the  portion  whidi  had  been  dieesed 
with  guano  ibr  the  ^fkMtx  taking  the  lead  of  the  undressed  portion,  and  being 
of  a  dark  green  colour  with  broad  leaves,  and  covering  the  ground  well ;  whilst 
thafwhich  had  no  dressbg  was  brown  and  stinted  in  comparison,  snd  the 
ground  not  half  covered.  The  two  portions  continued  throughout  the  season  to 
present  the  asms  dtffiBrencs  in  .their  appearance,  and  at  the  time  of  catting  there 
Was  more  than  a  foot  in  length  of  straw  in  favour  of  the  dressed  portion.  It 
Win  be  seen  from  the  table,  however,  that  althoagh  the  guano  had  the  effect  of 
giving  more  bushels  per  acre,  the  bushels  were  liehter  in  weight  by  2  lbs.  duui 
Qiegmin  from  the  undressed.    It  may  be  remhiked,  however,  that  had  common 

oatfatoeohlectof  mlsmrM  the  ▲othoi's 
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•alt  been  mised  with  the  guano,  there  10  reaeon  to  beliete,  ftom  odier  tarldi^ 
that  the  grain  wookl  not  have  been  defieient  in  weight  per  boshel.  Ammonift- 
cal  salts  shoold  at  no  time  be  dressed  upon  grain  crops;  without,  at  the  same 
time,  adding,  aecordin^  10  the  composition  of  the  soil  npon  which  sach  crops 
are  grown^  such  other  morganic  ingredients  as  may  be  required.  Few  soils,  at 
least  in  this  part  of  the  country,  appear  able  to  supply  these  m  sufficiency  to  the 
plants — ^parucularly  the  phosphates,  which  seem  always  deficient.  At  least  the 
addition  of  bone-dust  or  animal  charcoal  aeems  always  to  improve  the  etdpB  to 
wliich  they  are  applied. 

Experiment  lY.— 0»  TStmipg. 
Comparatire  eflbeteof  ^[uano,  fuat-jBid  maaiire,  bona-doat,  mid  anhnalrhMv 
«oal,  by  themselves  and  m  mixtures,  on  Tumipsof  dtfamit  vaiieties;  UAad, 
topped,  tailed,  and  weighed,  in  Nor.,  1843. 
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The  field  npon  which  the  above  uimi]^  were  grown  ts  a  ^^3!^}^}^^ 
soper.incumb£t  npon  a  deep  eraveUy  tiU.  The  gr^  part  of  the  ft«W  was 
tiJiidied  with  the  spade,  and  afldndned  with  tilwi. and  soles  30  UMS^wmd^g  "* 
»  feet  apart,  in  theSrinier  of  1841  and  1843,  and  m  the  piepanuon  fi>r  the  tttfw 
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I 

wipfuopin  l8|Bt»lt8tt  wfaai  had  not  bpen.ti«nch»d  wi«  ■ohwilwi  Tte 
turnip  crop  wa»  town  at  oiiFeieiit  times,  as  ooticad  in  tbe  tablet.  Alf^he  paiti 
brairded  well  and  healthy,  and  continued  to  grow  without  intenoinion  throng 
the  aoaaon.  The  field  contains  about  1 1  acres  imperial,  and  the  crop  was  most 
loxuriant,  so  much  so,  that  the  liehusst  turnips  in  any  part  of  the  field  wooid 
have  been  reckoned  good.  The  field  was  dulled  fi>r  the  crop  with  die  doubfe 
inonld  plough  at  30  inches  apart,  fi>r  swedes  and  vwrpU  tap-^ftUow,  and  SGand  88 
inches  tor  Junes'  ye2bw,  which  variety  is  lemarkahle  for  very  small  tops,  and,  in 
consequence,  may  bs  drilled  nearer.  The  difference  in  the  appearance  of  the 
turnips,  where  the  varions  manures  and  mixtures  had  been  applied,  was  Terr 
marked.  Wherever  guimo  had  been  applied,  the  tops  were  lai^  than  any  of 
«lMoChen^«BantfAKr.3ff/M«iaAfe(Jira«PHi0w),upoilwhieh  sulphate  of  soda 
vnstop-dnassd,  after  thsplanu  were  thinned.  The  orop  upon  this  ponioo  wiw 
noMukabls  for  luxuriance  of  tops  and  large  bulbs,  and  gave  a  very  good  crop.* 
No.  6  of  the  table  (Jones'  yellow),  was  upon  spadMienched  land,  and 
is  the  only  lot  where  a  comparison  can  be  made  between  trenching  and  snbsoil- 
ing.  Where  bone  dust  was  used  the  tops  were  not  so  large,  and  where  tk€  au^ 
mi  dU^reoalMmd  been  added  Ike  tops  were  leoit  of  oUoMdtJkbulbslargaL  Upon 
all  the  varieties  of  soils  in  this  &nn,  the  appUcatton  of  anpnal  chan»al  or  bone 
dust  has  been  of  great  benefit  to  all  crops  to  wheat,  bariev,  oats,  hay,  and  grass 
*— the  crops  being  bulkier  and  of  superior  ouality,  especiaUy  upon  soils  superin- 
oumbent  on  trap  rock,  giving  an  evidence  that  all  such  soils  upon  this  estate  era 
in  want  of  phosphates.  This  has  also  been  proved  by  the  analysis  of  seveni^ 
none  of  themjriving  n^ore  than  a  trace  of  phoa>bates,  and  some  of  them  none  at 
"     **        alltl!  


all.  trpon  aU  these  soils  animal  charcoal  or  oooes  seem  to  be  indispensable. 
beeauss  the  grain  crops  eannot  be  matured  without  phosphates  of  lime  ana 
magnesia.  It  appsara  from  the  many  experiments  that  have  been  made  here, 
that  euano  does  not  contain  a  sufficiency  of  the  phosphates  to  supply  the  crops 
to  which  it  is  usually  applied,  and  which,  from  the  greater  luxuriance  of  gron^ 
its  applioation  at  all  times  indiioes,  would  be  requir^  in  greater  quantity  accord- 
ing to  the  bulk  of  crop.  A  pordon  of  the  animal  charcoal  of  the  sugar  refinets 
bemg  mixed  with  it  at  the  time  of  sowing,  will  supply  the  deficten<7,  and  at  all 
places  inland  from  the  sea,  common  salt  will  be  fbunda  valuable  addition.  The 
cultivator  who  is  obliged  flpom  deficiency  of  farm-yard  manure  to  use  guano  will 
find  that  by  takin£  one-half  of  his  nsnat  quantity  of  fiffm-yard  manure  per  acre, 
and  roakine  up  tor  the  other  half  by  the  addiuou  of  2  to  4  cwts.  of  guano,  his 
crops  will  be.  at  least,  as  bulky,  and  his  after-orops  as  sood,  as  if  be  had  used 
40  cubic  yards  of  good  dung.  Guano,  however,  should  not  be  used  by  itaeif 
upon  soils  thaft  do  not  contain  a  certain  amount  of  vegetable  matter  (L  e.  on  poor 
snarp  soils),  but  it  wUl  in  all  cases  be  fi>und  an  in  vali^le  manure  for  thorough- 
drained  moss  soils. 

Noras.— P.  TIm  eoBBpoit  of  coalFtor  and  Mw^Imt  osod  in  the  preeedlag  cacperimeois  is 
eompoiedorss«P4lu«ori -«w--.._, «- _.. ...    .  .        .  .   . 

ofiw'    •    — 

heftpi 

It  la  tomied,  miu  i^kui  *ih#w«ii  iu  lonvvut,  Boa  w  tiran  m  lor  uvc 

S^*.  In  tttinf  the  nitrate  of  sodslbriho  la«  four  yews  in  the  csrden.  It  hse  been  found 
th«t  lop- Jreesfnf  (ho  leek»  hr  Che  month 4>f  Auipist  or  Sepiemher  enabletl  them  to  naUL  dm 
otteu  of  winier,  wbilet  ihooothei  wore  not  so  dreeeed  hove  iflvoriabljr  (ailed,  aod  gone  m 
docaj  early  in  theaeaaon ;  at  the  aamo  time,  it  increaaea  (hair  bQlk  in  a  remaHcabie  maa. 
ner.  Knowing  ihta  eflhoc  upon  leeks,-^  orop  that  if  crown  to  a  laiie  aiae  haa  a  gntf 
tendener  to  rot  and  Ml  in  winter,— aalght  It  not  have  iKe  aame  aflba  upon  autumn  aowa 
WbesU  Crdroaaed  with  S  after  thaj  are  bninJed  1  Thia  hint  ia  merely  thrown  oat  aa  woithj 
of  trial,  aa  ttia  salt  appeani  to  have  the  power  of  toaghenlng  the  flbre  or  oiJierwiae  enabhiv 
Ihe  plants  to  wlihatAod  the  rtcoura  of  winter,  mm!  In  ihia  way  miflit,  perhnpa,  praveot  tlM 
wheat  crop  from  faillof  la  wintar,  which  Is  oAea  Ihe  oaae,  lo  the  great  lose  sad  dhspi>eli» 
neotef  ihs  fwaaar 

Wm.  FleminO. 

JtoraoAMi)  Pwkf  IMC 

*  Mptanrte  said  sad  tlMNlphslSB  appssrto  ssaniss  an«|lKsdsGtton  ontUumi^ 


Mk  X]  UMAEKI  UPON  PRBCIDDTO  IXPBIIMS|n«.^. 

REMARKS. 

I  ■ubmirtlMM  •xperittMiittf  to  the  iwder  widrnt  wmy  leiijgAeMd  &m 
The  ezperimenu  with  gaano  am  Yvy  eeeeoBehla,  and  will  be  of  much  i 
to  the  thoueaiida  of  practical  men  wfio  are  now  likelj  to  try  thia  Talnabto 
manure. 

Them  an  three  interesting  general  obeerfationa  of  Mr.  FUninf  ,  to.  whWi 
alone  I  would  diract  eqpeeiar  attention — 

1^.  That  the  potato  aete  did  not  fail  when  powdered  with  gypaum,  wi4  that 
the  more  estenaiTe  trials  of  thia  aubatanoa  whieh  he  reoominandB  ongfat  aar- 
lainly  to  be  encouraged. 

9P,  That  {>otatoeii  dressed  With  goano,  or  with  aitrnia  end  anlphalaeraoiiL 
appear  to  be  improved  in  health,  and  are  leas  apt  to  ^  when  cot  and  planted 
the  following  yon^. 

99,  ThathiatrapaoiiaaMsnppAaedtpbaeapeeildlydeidfcoiiBpboaphaMi^ 

*  '    tthenaeofbottea,inanyii»cm,alwayaimprofadhiaerop»iiponf' 


These  three  observations  are  Tery  interesting,  add  a  earelbl  stndy  of  the 
taMes  of  leealu  will  lead  the  itmter  t6  mako  other  interistiny  obaai  r mioui  and 
deductions  for  himself. , 

It  is  very  satisfactory  to  me  to  have  been  able  in  this  Appendix  to  incoipo- 
rate  the  resolu  of  experiments  performed  on  three  soeeessive  yearn  by  «ne  so 
ikilful  and  Eoaloas  aa  Mr.  Flemiwgji  eolidocted  every  year  alto  willi  mora 
care,  and  more  likely  therefore  to  lead  i»  important  conduaiona. 

The  subject  of  agjiealtural  experimeoM  hat  no^  boM  taken  up  so  warmly 
and  80  sucoeesftitly  in  almost  every  part  of  the  eoontry,  that  tra  m^look-for- 
wwd  with«eonlldenoe  to  the  gradual  aocumntation  of  a  body  of  facta,  wad  of 
which  correct  and  practically  uaefhl  prineq^ka  may  gradually  be  eiioiled.  The 
large  body  of  experimental  results,  -whieh  the  pnse  oflbrad  laai  year  by  the 
HighlatKi  Socie^  has  brought  bofora  thepublie,  shows  hoir  eagerly  the  en- 
lightened practical  fiirmen  of  the  preaent  day  wiu  follow  the  guidance  of'such 
aaara  wiliingto  abow  them  how  too  art  by  whieh  they  live  may  baraatty  attd^ 
pel  wanentiy  iippwv  wL 


J^r.  WsMvr,  niatcr,  74  roltonfi.  N.T. 
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